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I.  Researches  in  electro-dynamicSy  experimental  and  theo^ 
retical,  by  William  Sturgeon,  Lecturer  at  the  Hon. 
East  India  Company^s  Military  Academy,  Addiscombe.^ 

Perhaps  there  is  no  branch  of  experimental  enquiry,  at  the 
present  day,  more  interesting  than  that  of  electro-dynamics ; 
nor  has  any  department  of  science  been  more  successfully 
pursued,  since  the  commencement  of  the  present  century. 

The  two  leading  classes  of  phenomena  exhibited  by  electric 
currents,  are  the  chemical  and  magnetical ;  both  of  which 
have  been  discovered  within  this  period,  and  have  become  the 
most  important  established  divisions  in  the  study  of  electricity. 

The  rapid,  and  unprecedented  series  of  successful  enquiries 
which  led  to  the  establishment  of  these  important  brancnes  of 
electricity,  had  their  origin  in  the  invention  of,  and  their 
happy  progress  dependent  upon,  the  voltaic  apparatus ;  the 
novel  and  potent  energies  of  which  developed  these  beauti- 
fully interesting  and  unexplored  fields  of  scientific  research. 

Notwithstanding,  however,  the  un(juestionable  supremacy 
of  the  voltaic  battery,  in  the  production  of  electric  currents, 
and  the  splendid  discoveries  which  have  been  accomplished 
by  its  employment,  it  must  ever  be  acknowledged  that,  even 
in  its  most  improved  forms,  it  is  a  troublesome  and  expensive 
apparatus  in  the  process  of  experiment :  and  the  continual 
and  unavoidable  diminishing  of  its  powers,  whilst  in  action,  is 
a  defect,  whose  remedy  is  necessarily  precluded  by  the  des- 
tructive process  required  for  its  excitation,  f 

*  This  paper  is  a  part  of  one  which  was  read  before  the  Royal 
Society,  June  16th.  1836,  but  not  printed  in  their  Transactions. 

+  At  the  time  this  paper  was  written,  I  was  not  aware  of  Pro- 
fessor Daniell's  improvements  in  the  voltaic  battery.  But  even  "now, 
I  can  see  bo  reason  to  change  my  opinion  regarding  the  expense  and 
nuisance  attending  the  employmetit  of  volteic  batteries;  nor  do  I 
despair  of  magnetic  electrical  machines  being  brought  into  general 
use  as  implements  of  experimental  research. 

Vol.  II.— Ab.  7,  January,  1838.  A 
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2  Mr.  Sturgeon,  on  electro-dynamics , 

The  discovery  of  magnetic  electricity,  however,  has  led  to 
the  construction  of  novel  apparatus,  capable  of  producing  con- 
tinuous electric  currents,  of  undiminished  energy,  for  any 
len^h  of  time  they  may  be  required  to  be  in  operation ;  and, 
at  the  same  time,  free  from  all  those  defects  of  the  voltaic 
battery,  and  the  obiections  to  its  employment,  with  which  it 
must  ever  be  attended. 

The  magnetic  electrical  machine,  whose  exhaustless  powers, 
free  of  expense  and  ever  ready  at  command,  when  brought 
even  to  a  moderate  state  of  perfection,  can  hardly  fail  of  be- 
coming a  powerful  engine  of  analysis,  and  an  useful  and  eco- 
nomical implement  in  the  hands  of  the  experimental  enquirer. 
In  its  present  state,  its  powers  rival  those  of  moderately  sized 
batteries  ;  and  it  is  highly  probable,  that  they  may  be  so  far 
exalted  by  future  improvement  in  the  machine,  as  eventually 
to  supersede  the  voltaic  apparatus  in  this  branch  of  physical 
investigation. 

No  description,  that  I  am  aware  of,  of  apparatus  of  this  kind, 
which  can  properly  be  called  an  implement  of  investigation,  has 
yet  found  a  place  in  the  scientific  journals  of  this  or  any  other 
country;  but,  considering  the  probaoility  of  their  becoming  high- 
ly advantageous  to  the  experimental  philosopher,  when  their 
energies  shall  have  become  properly  represented,  and  duly  ap- 
preciated :  and  in  order  to  call  the  attention  of  those  who  are  the 
most  likely  to  form  a  proper  estimate  of  these  machines,  and 
to  be  benefited  by  their  introduction  to  experimental  research, 
I  have  ventured  to  offer  to  the  notice  of  the  Royal  Society,  a 
description  of  two  of  those  forms  which  I  have  given  to  them ; 
and  also  a  brief  detail  of  a  few  experiments  which  I  have  made 
with  them,  and  which  may  be  considered  as  expressive  of  their 
respective  powers.  I  have  also,  by  way  of  comparison,  detailed 
a  few  experiments  made  with  a  voltaic  battery,  and  have  ven- 
tured to  cbaw  a  few  of  the  most  obvious  conclusions  with  re- 
gard to  the  respective  powers  of  this  apparatus  and  the  mag- 
netic electrical  machine ;  and  of  the  advantages  likely  to  be 
derived  from  the  improvement  of  the  latter. 

Description  of  a  Magnetic  Electrical  Machine,  having  no 
iron  armature. 

In  fig.  I,  Plate  I,  which  is  a  longitudinal  section  of  the  ap- 
.paratus.  A,  A,  is  the  edge  of  a  rectangular  mahogany  base  boaid, 
about  eighteen  inches  long  from  A  to  A^  ana  ten  inches 
broad ;  its  thickness  one  inch.  B,  B,  is  the  end  of  another 
mahogany  board,  ten  inches  long,  from  front  to  rear,  and  four 
inches  broad,  from  B  to  B.  It  is  supported  over  one  end  of  the 
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base  board  by  two  square  pieces,  one  of  which  is  seen  at  C. 
The  cross  board  B,  B,  thus  elevated  above  the  base,  forms 
a  stage  for  the  support  of  the  bend  0,of  a  horse-shoe  magnet 
O  P  P,  the  poles  being  supported  by  two  pillars,  near  to  the 
opposite  edges  of  the  base  board.  A  part  of  one  of  these 
pillars  is  seen  at  d.  Near  the  summit  of  each  pillar  is  a  notch 
with  an  outside  shoulder  to  prevent  the  magnet  from  slipping 
sideways.  A  metallic  stud  m,  rises  above  the  stage  and  directly 
over  the  axis  of  the  baseboard.  This  stud  carries  a  steel  pivot, 
on  which  runs  one  extremity  of  the  metallic  spindle  i,  i.  The 
other  extremity  of  this  spindle  also  runs  on  a  centre  pivot, 
which  projects  at  right  angles  from  the  pillar  e,  the  latter 
being  fixed  to  the  base  board. 

The  spindle  i,i,  passes  through  the  pillar /,  (which  supports 
the  wheel  g,)  and  also  through  the  axis  of  the  reel  A,  A,  k,  k, 
to  which  it  is  fixed.  On  the  reel  is  coiled  two  hundred  feet 
of  copper  wire,  about  l-20th  of  an  inch  diameter,  and  covered 
with  stout  white  sewing  silk,  to  prevent  metallic  contact  in  the 
coil.  The  spindle,  with  its  reel  and  coil,  are  put  into  rotatory 
motion  by  means  of  the  wheel  gy  and  a  band  which  passes 
over  the  pulley  h.  The  reel  which  holds  the  wire  is  made  of 
two  thin  pieces  of  deal,  of  the  shape  k,  k,  A,  k,  which  form  the 
cheeks,  and  are  kept  at  about  one  inch  and  a  quarter  apart,  and 
parallel  to  each  other,  by  two  pieces  which  cross  them  in  such 
a  manner  as  to  leave  a  deep  groove  all  round  between  them,  for 
the  reception  of  the  wire.  An  end  view  of  the  reel  is  seen  in 
fig.  2.  The  extremities  of  the  wire,  forming  the  coil,  terminate 
in  a  discharging  arrangement  to  be  described  in  the  sequel. 

On  the  stage  B,  B,  and  pillars  rf,  d,  is  placed  a  compound 
horse-shoe  magnet,  composed  of  four  bars  of  steel,  which  to- 
gether weigh  about  23  pounds.  The  poles  of  the  magnet  are 
five  inches  apart,  and  near  to  the  bend  the  branches  are  about 
six  inches  apart.  The  length  of  the  magnet,  inside,  is  about 
eleven  inches  :  the  breadth  of  each  bar  about  an  inch  and  a 
half. 

When  the  magnet  is  placed  on  its  stage,  its  plane  is  parallel 
to  the  plane  of  the  base  board.  The  spindle  i,  i,  which  is 
also  parallel  to  the  axis  of  the  base  board,  is  situated  in  the 
axis  of  the  magnet.  By  this  arrangement,  the  coil  is  made 
to  revolve  between  the  branches  of  the  magnet,  and  electric 
currents  are  excited  whilst  the  coil  travels  through  the  mag- 
netic lines,  according  to  the  laws  of  magnetic  electricity.* 
The  direction  and  energy  of  the  currents  will  depend  upon 
several  circumstances  which  it  will  now  be  necessary  to 
explain. 

♦  See  Vol.  I.  p.^1  to  260  of  these  Annals. 
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Excitation  of  the  electric  fluid  in  the  coil. 

In  describing  the  electric  excitation  whilst  the- coil  performs 
its  revolutions  between  the  branches  of  the  magnet,  it  will  be 
necessary  to  take  into  consideration  the  position  and  direction 
of  the  magnetic  lines  of  force  through  which  it  has  to  travel, 
and  which  give  the  exciting  impressions.  This,  fortunately,  is 
exceedingly  simple,  and  requires  but  litlle  attention  to  be  un- 
derstood. 

If  iron  filings  be  strewed  on  paper,  below  which  is  placed  a 
horse-shoe  magnet,  whose  plane  is  parallel  to  the  horizon,  they 
will  be  arranged,  by  the  magnetic  force,  similar  to  the  arrange- 
ment of  the  fine  lines  about  the  magnet  in  fig.  3,  which  may 
be  taken  as  a  pretty  exact  resemblance  of  the  position  of  the 
magnetic  force  in  the  plane  of  the  magnet.  And  if  we  assume 
the  marked  end  of  the  magnet,  in  the  figure,  to  correspond 
with  that  pole  of  the  compass  needle  which  naturally  is  di- 
rected towards  the  north,  and  the  unmarked  end  to  correspond 
with  the  needle's  pole  solicited  by  the  south,  the  strong  black 
lines  with  cross  heads  will  indicate  a  similar  arrangement  of 
polarity  in  the  iron  filings,  or  in  any  small  pieces  of  iron  situ- 
ated between  the  branches  of  the  magnet. 

The  position  of  the  magnetic  lines,  between  the  branches, 
appears,  by  this  arrangement,  to  be  in  planes  parallel  to  the 
plane  of  the  magnet ;  and  at  right  angles  to  its  axis. 

A  pretty  exact  representation  of  the  position  and  direction 
of  those  parts  of  the  magnetic  force  which  lie  directly  above 
and  below  the  space  between  the  branches,  will  be  obtained 
by  strewing  iron  filings  on  paper,  below  which  is  placed  the 
poles  of  a  vertical  magnet.  Fig.  4  will  serve  to  give  some 
idea  of  such  an  arrangement,  the  strong  curved  lines  with 
cross  heads  indicating,  as  before,  the  polar  arrangement  of 
the  ferruginous  particles.  This  figure  serves  to  show  that  the 
magnetic  force  above  and  below  the  space  between  the  branches 
of  the  steel,  is  exerted  in  curve  lines,  and  in  planes  perpen- 
dicular to  the  axis  and  plane  of  the  magnet. 

These  aretheonlypartsof  the  magnetic  lines  of  force  through 
which  the  coil  will  have  to  travel,  and,  consequently,  those 
only  which  will  be  materially  concerned  in  the  excitation. 

Let  ns^nSy  fig.  5,  denote  the  direction  of  the  magnetic 
force  between  the  branches  of  a  horse-shoe  magnet,  and  let 
c  o  a  be  an  oblong  ring  of  copper  wire,  also  situated  between 
the  branches  of  the  magnet,  and  susceptible  of  rotatory  mo- 
tion upon  a  spindle  ^^  coincident  with  the  axis  of  the  magnet. 
If  now  the  wire  be  made  to  rotate  in  such  a  manner  that  the 
side  o  a  moves  downwards,  and  consequently  the  side  c  a  up- 
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wards,  those  sides  will  pass  through,  and  at  right  angles  to, 
the  magnetic  lines  ;  and  the  electric  current  thus  produced, 
will  rush  through  the  wire  ring  in  the  direction  of  the  arrow. 
But  as  the  wire  proceeds  in  its  revolution,  the  angle  between 
the  direction  of  its  motion,  and  that  of  the  magnetic  lines 
through  which  it  travels,  will  become  less  and  less,  (see 
fig.  4) ;  on  which  account,  as  also  in  consequence  of  the  dimi- 
nution of  the  force,  above  and  below  the  magnet,  the  excitation 
will  gradually  diminish.  When  the  plane  of  the  copper  ring 
has  proceeded  through  a  quarter  of  a  circle  from  its  tirst  posi- 
tion, its  plane  will  be  at  right  angles  to  the  plane  of  the  mag- 
net, and  its  motion  in  the  direction  of  the  magnetic  lines. 
The  excitation  will  then  be  at  a  minimum  or  zero. 

As  the  wire  moves  on,  the  excitation  recommences,  but  the 
current  is  reversed  in  the  ring:  because  the  part  oa,  of  the 
wire,  which  moved  downward  through  the  first  quadrant,  and 
pressed  its  foremost  surface  against  the  magnetic  lines,  will 
now  move  upwards,  and  receive  the  exciting  impressions  on 
the  opposite  side.  A  similar  change  in  these  particulars  will 
take  place  in  the  part  c  a  of  the  wire  ring. 

Moreover,  as  the  wire  proceeds  through  the  second  quad- 
rant, the  direction  of  the  magnetic  lines,  and  that  of  the 
revolving  ring,  will  form  a  progressively  increasing  an^le, 
which  will  become  a  maximum  as  the  quadrant  is  bemg 
completed.  On  this  account,  and  also  in  consequence  of  the 
increase  of  magnetic  force,  the  excitation  will  be  progressively 
exalted,  whilst  the  plane  of  the  ring  is  describing  the  secona 
quadrant;  and  will  be  a  maximum  at  the  terminal  point;  or 
when  the  plane  of  the  ring  and  that  of  the  magnet  are  again 
coincident. 

Whilst  the  ring  revolves  through  the  third  ouadrant,  the 
circumstances  connected  with  the  excitation  will  be  similar 
to  those  whilst  travelling  through  the  first.  The  excitation 
progressively  diminishes,  and  becomes  a  minimum  when  the 
quadrant  is  completed :  at  which  time  the  plane  of  the  ring 
will  be  at  right  angles  to  the  plane  of  the  magnet. 

When  the  ring  enters  the  fourth  quadrant  of  revolution,  the 
excitation  again  recommences;  but  tne  direction  of  the  current 
will  be  reversed,  for  the  same  reason  that  it  was  reversed  when 
the  ring  entered  the  second  quadrant.  The  excitation  will  be 
progressively  exalted,  until  the  plane  of  the  ring  be  again 
coincident  with  the  plane  of  the  magnet;  at  which  time  the 
excitation  will  again  be  at  a  maximum. 

It  is  now  obvious  that,  during  one  entire  revolution  of  the 
ring,  there  will  be  a  series  of  vicissitudes  in  thedegreeof  exci- 
tation, and  also  in  direction  of  the  current;  and  asimilai: 
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series  of  vicissitudes  will  attend  every  succeeding  revolution. 
Twice  there  will  be  a  maximum,  and  twice  a  minimum  of 
excitation ;  the  former  taking  place  when  the  plane  of  the 
ring  is  coincident  with,  and  the  latter  when  it  is  at  right  angles 
to,  the  plane  of  the  magnet.  The  latter  position  of  the  ring 
is  that  m  which  the  current  changes  its  direction ;  and  may 
very  commodiously  be  called  the  neutral  plane.  The  plane 
of  the  magnet  is  obviously  the  plane  of  greatest  excitation. 

If  the  revolution  of  the  ring  be  permitted  to  commence  at 
the  neutral  plane,  the  current  will  not  change  its  direction 
until  the  ring  has  arrived  at  that  plane  again,  or  until  it  has 
passed  through  half  a  revolution:  but  there  will  be  vicissitudes 
of  energy  in  that  current.  The  excitation  will  increase  through 
the  first  quadrant,  but  will  decrease  through  the  second.  And 
similar  vicissitudes  of  energy  will  transpire,  with  regard  to  the 
reverse  current,  which  will  be  excited  during  the  progress  of 
the  ring  through  the  other  half  of  the  circle  of  revolution. 

If  now,  instead  of  a  single  ring,  we  had  an  endless  coil  of 
wire,  revolving  between  the  branches  of  the  magnet,  every 
convolution  would  receive  exciting  impressions  as  decidedly 
as  the  single  ring;  and  currents,  thus  produced,  v/ould  traverse 
the  whole  length  of  the  wire  forming  the  coil ;  and  undergo 
all  the  vicissitudes  of  energy  and  direction,  which  have  been 
particularized  with  respect  to  the  ring. 

Hitherto  it  has  been  supposed  that  the  ring  and  the  coil 
form,  each  a  complete  circle  within  itself,  and  consequently,  the 
range  of  the  currents  limited  to  those  circles  ;  a  mode  which 
has  been  adopted  merely  to  simplify  the  description  of  the 
vicissitudes  which  the  excited  currents  will  undergo  during 
each  revolution.  But  in  the  construction  of  the  machine  fig. 
1,  the  ends  of  the  wire,  forming  the  coil,  are  not  soldered 
together;  but  are  attached  to  an  arrangement  of  semi- wheels, 
properly  disposed  to  discharge  the  excited  currents  in  one  and 
the  same  direction,  through  any  apparatus  which  the  experi- 
menter may  wish  to  place  in  the  electric  circuit.  This  dis- 
charging arrangement  is  seen  at  a,  b,  c,  rf,  in  figures  1  and  6, 
but  will  be  better  understood  by  describing  the  latter. 

In  fig.  6,  which  is  a  bird's-eye  view  over  the  end  of  the 
spindle,  are  four  semi- wheels  a,  b,  c,  d,  two  of  which,  a  and  6, 
are  soldered  to  a  metallic  tube,  which  passes  through  their 
centres :  and  the  other  two,  c  and  d,  are  soldered  to  another 
tube,  something  wider  than  the  former,  which  also  passes 
through  their  centres. 

The  semi-wheels  are  placed  at  about  a  quarter  of  an  inch 
from  each  other  on  their  respective  tubes,  the  smaller  of 
which  (exactly  fits  the  revolving  spindle  i,  i,  fig.  1 ;  and  the 
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larger  being  lined  with  an  ivory  tube  for  insulation,  is 
also  made  to  fit  the  spindle,  which,  passing  through  both 
tubes,  carries  the  four  semi-wheels,  which  are,  by  this  means, 
caused  to  make  corresponding  revolutions  with  the  coil. 

The  longitudinal  opening  between  the  terminal  points  of 
the  semi-wheels,  as  seen  above  and  below  the  i^indle  s  in  fig. 
6,  is  in  the  plane  of  the  coil  produced;  so  that  the  transfer  of 
the  current  from  one  pair  of  semi*  wheels  to  another  may 
always  take  place  at  the  neutral  plane. 

One  extremity  of  the  wire,  forming  the  coil,  is  soldered  to 
the  tube  carrying  the  semi-wheels  a  and  6,  and  the  other 
extremity  to  the  tube  carrying  c  and  4,  The  semi-wheels 
revolve  in  a  glass  trough,  supported  on  a  pedestal  t,  as  seen  in 
fig.  1.  The  trough  is  divided  into  three  compartments,  in 
which  is  placed  a  sufficient  quantity  of  mercury  for  the  peri- 
phery of  the  semi-wheels  to  run  in  when  on  the  lower  side  of 
the  circle  of  revolution. 

The  semi- wheels  c  and  6,  run  in  the  centre  compartment^ 
and  a  and  d^  in  the  outer  compartments^  which  latter,  however, 
being  connected  by  a  copper  staple,  the  mercury  placed  in 
them  may  be  regarded  as  belonging  to  the  same  metaUic  mass. 

If  now,  the  spindle,  with  its  coil  and  appendages,  be  made 
to  revolve  in  the  direction  indicated  by  the  arrow  fig.  6,  the 
semi-wheels  a  and  c,  which  are  in  connexion  with  the  differ- 
ent ends  of  the  coil  of  wire,  would  enter  the  polar  cells  of 
mercury;  and  would,  (if  the  circle  were  com jdeted  by  a  wire, 
or  any  piece  of  apparatus,  connecting  those  cells,)  convey  the 
electric  current  from  one  to  the  other:  the  direction  of 
the  current  depending  upon  the  connexions  previously  made 
between  the  extremities  of  the  wire  of  the  coil  and  the  tubes 
to  which  the  semi- wheels  are  attached. 

When  the  spindle  had  made  half  a  revolution,  the  order 
and  position  of  the  semi- wheels  would  be  reversed ;  a  and  c 
would  then  leave  the  mercury,  and  d  and  6,  would  succeed 
them  in  their  respective  cells.  At  this  time  the  coil  would 
be  in  the  neutral  plane,  and  as  it  moved  on,  the  current  which 
traversed  it,  would  flow  in  the  opposite  direction  to  the  former. 
But  6,  which  succeeds  c,  in  the  central  portion  of  mercury,  is 
scddered  to  the  other  extremity  of  the  wire ;  and  d,  which 
succeeds  a,  is  also  soldered  to  the  opposite  extremity  of  the 
wire.  Hence,  it  is  obvious,  by  this  arrangement,  that  the 
changes  which  take  place  in  the  direction  of  the  current  in 
the  coil,  are  accompanied  by  corresponding  changes  in  the 
connexions  between  the  extremities  of  the  wire  and  the  mer- 
curial cells.  If  therefore,  whilst  the  coil  travels  through  half 
a  revolution,  from  the  neutral  plane  to  that  plane  again,  the 
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flow  of  the  current /rom  the  coil  be  towards  the  semi- wheel  c ; 
the  reverse  current,  generated  during  the  other  half  revolution 
of  the  coil,  would  flow  towards  b :  and  as  c  and  b  succeed 
each  other  in  the  same  tell,  the  mercury  there  placed  would 
receive  both  currents  from  the  coil. 

A  wire  or  any  other  conductor  joining  this  mercury,  and 
that  placed  in  either  of  the  outer  cells,  would  convey  both 
currents  to  the  semi- wheels  a  and  d,  which,  being  attached  to 
the  opposite  ends  of  the  wire,  would,  in  their  turn,  dispense 
the  fluid  again  to  the  reciprocating  currents  in  the  coil.  The 
centre  cell  which  unites  the  reciprocating  currents  from  the 
coil,  on  the  one  hand,  may,  for  convenience,  be  called  one  of 
the  poles  of  the  apparatus :  and  the  outer  cells,  which  are 
Connected,  and  unite  the  currents  on  the  other  hand,  may  be 
called  the  other  pole. 

Apparatus  placed  in  proper  connexion  with  these  polar  cells, 
would  transmit  the  united  currents,  from  pole  to  pole,  in  one 
uniform  direction;  whilst  the  revolutions  of  the  coil  were  per- 
formed in  one  and  the  same  direction.  If  the  revolutions  of 
the  coil  were  performed  in  the  opposite  direction  to  the  former, 
the  electrical  functions  of  the  polar  cells  would  be  reversed; 
and  the  current  through  the  apparatus  necessarily  reversed 
also. 

EXPERIMENTS. 

Magnetic. — A  galvanometer,  whose  coil  consists  of  eighteen 
feet  of  copper  wke,  one  twentieth  of  an  inch  diameter,  covered 
with  sewing  silk,  and  formed  into  eighteen  convolutions,  waa 
placed  in  the  circuit  of  the  machine,  by  proper  connexions 
with  the  polar  cells.  The  magnetic  needle  belonging  to  the 
galvanometer  is  four  inches  long,  and  weighs  110  grains.  It 
is  furnished  with  an,  agate  cap,  and  supported  on  a  finely 
pointed  steel  pivot  in  the  plane  of  the  coil;  and,  at  the  time  it 
was  employed  in  these  experiments,  it  had  a  directive  force 
which  caused  it  to  vibrate  ten  times  in  thirty  seconds;  or  it 
performed,  at  a  mean  rate,  one  vibration  in  three  seconds. 

The  coil  of  the  machine  was  made  to  revolve  with  three 
different  velocities,  viz.  with  three  revolutions  per  second;  six 
revolutions  per  second;  and  twelve  revolutions  per  second;  and 
with  each  speed  ki  both  directions.  The  needle's  deflection 
due  to  the  influence  of  one  cun*ept  in  each  case,  being  well 
ascertained  before  the  cojl  was  revolved  the  other  way.  The 
deflection  due  to  the  reverse  current  was  also  ascertained, 
and  the  mean  of  the  two  taken  as  the  standard  deflection,  for 
each  rate  of  motion  of  the  coil. 

The  diameter  oi  the  wheel  g,  fig.  1,  being  twelve  times 
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that  of  the  pulley  A,  the  latter,  and  consequently  the  coil, 
revolves  with  twelve  times  the  angular  velocity  of  the  former. 

The  speed  of  the  wheel  was  measured  by  the  seconds'  pen- 
dulum of  an  Attwood's  machine,  which  was  found  very  con- 
venient because  of  its  addressing  its  motions  both  to  the  eye 
and  the  ear.  llie  deflections  of  the  needle,  by  this  means, 
can  be  accurately  observed,  whilst  at  the  same  time  the  motion 
of  the  wheel  can  be  nicely  accommodated  to  the  beats  of  the 
pendulum,  without  the  aid  of  an  assistant. 

The  results  of  the  experiments  are  arranged  in  the  follow- 
ing table. 


Coil  revolved 
to  the 

Deflections  of  the  Magnetic  Needle  due  to 

Three  Resolutions 
per  Second. 

Six  Revolutions 
per  Second. 

Tw«lveReTalatioD8 
per  Second. 

Right. 
Left. 

27- 
23* 

35' 
30* 

44. 

40* 

Mean. 

25* 

32-5* 

42- 

The  arcs  of  deflection  exhibited  by  the  above  table,  are 
those  marked  by  the  needle  after  it  had  ceased  to  oscillate, 
and  had  become  perfectly  stationary;  and  at  which  it  could 
be  kept  steady  for  any  length  of  time  required,  by  a  due  and 
uniform  motion  of  the  revolving  coil. 

The  above  results  present  the  two  following  remarkable 
circumstances.  First,  there  is  an  obvious  increase  of  power 
by  an  increase  of  velocity,  but  does  not  appear  to  be  any  parti- 
cular accordance  between  the  velocity  of  the  coil  and  the  arc 
of  the  needle's  deflection :  the  ratio  of  the  one  being  very  dif- 
ferent to  that  of  the  other.  Neither  are  the  tangents  of  those 
arcs  proportional  to  the  velocities.* 

Second,  it  appears  that  a  steady  deflection  of  the  magnetic 
needle  can  be  maintained  by  a  variable  electric  current,  whose 
vicissitudes  of  force  are  uniform  and  periodical.  For  it  has 
been  shown  that  the  energy  of  the  currents  produced  by  this 
machine  are  so  exceedingly  variable  that  it  is  not  constant  for 
any  two  successive  moments  during  the  whole  time  the  ma- 
chine is  in  motion. 

♦  See  the  appendix  at  the  end  of  this  article. 
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The  fact  of  the  needle's  steady  deflection  by  such  a  variable 
force,  although,  I  believe,  never  shown  before,*  is  perhaps,  no 
more  than  what  might  have  been  expected,  from  a  considera- 
tion that  a  variable  electric  current,  whose  vicissitudes  of  force 
are  uniform,  periodical,  and  in  rapid  sitccession,  might  possi- 
bly produce  as  steady  a  pause  in  a  deflected  magnetic  needle, 
prone  to  inert  repose,  as  one  whose  energy  is  constant  and 
uniform  throughout.  The  mean  of  the  variable  being  equiva- 
lent to  an  uniform  constant  electric  force  in  keeping  the  needle 
steadily  deflected. 

The  former  galvanometer  was  removed  from  the  circuit  and 
another  introduced.  Its  coil  is  similar  to  that  of  the  former, 
but  its  needle  is  astatic,  and  suspended  by  a  delicate  fibre  of 
raw  silk.  The  compound  needle  occupied  seven  seconds  in 
each  vibration,  upon  an  average  of  several  trials. 

The  following  table  exhibits  the  deflections  due  to  the  seve- 
ral velocities  of  the  revolving  coil  of  the  machine. 


Coil  revolved 
to  the 

Deflections  of  the  Magnetic  Needle  due  to 

Three  ReTolutions 
per  Second. 

Six  Revolations 
per  Second. 

TwelTeRevolntioM 
per  Second. 

Right. 
Left. 

60' 
52- 

70- 

65- 

82* 
70* 

Mean. 

56' 

67-5° 

76- 

With  the  greatest  speed  which  could  be  given  to  the  coil, 
the  mean  deflection  was  80*. 

When  a  soft  steel  needle  was  placed  in  a  spiral  conductor 
joining  the  polar  cells,  no  magnetizing  effects  were  produced. 

Chemical,  A  piece  of  unsized  white  paper  was  well  satu- 
rated with  a  strong  solution  of  hydriodate  of  potash,  and  four 
thicknesses  placed  on  a  slip  of  platinum  in  connexion  with  the 
negative  polar  cell.  A  platinum  wire  joined  the  other  polar 
cell  and  the  uppermost  ply  of  the  paper.  One  turn  of  the  wheel, 
or  twelve  revolutions  of  the  coil,  determined  iodine  about 
the  salientf  platinum  point  which  rested  on  the  moistenedpaper. 

*  Professor  Gumming  had  previously  shown  that  a  pulsatory 
current  produces  a  steacfy  deflection. 

+  When  an  electric  current  traverses  a  liquid,  which  is  connected 
with  the  rest  of  the  circuit  by  metals,  the  latter  may  very  conve- 
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A  strong  solution  of  hydriodate  of  potash  was  placed  in  a  small 
glass,  and  two  terminal  metals  of  platinum  wire  introduced* 
Twenty  turns  of  the  wheel  produced  a  copious  decomposition ; 
the  iodine  being  liberated  at  the  salient  terminal.  When 
the  solution  was  mixed  with  a  little  starch  the  liberation  of 
iodine  was  much  more  striking. 

A  piece  of  unsized  white  paper  was  well  soaked  in  a  solution 
of  common  salt  and  archil.  Two  plies  of  the  paper  were  placed 
on  the  terminal  platinum  foil,  and  the  circuit  completed  by  a 
platinum  wire,  one  end  of  which  rested  on,  and  delivered,  the 
current  to  the  upper  ply  of  the  paper.  Twelve  turns  of  the 
wheel,  or  one  hundred  and  forty-four  revolutions  of  the  coil,  at 
the  rate  of  twelve  revolutions  per  second,  produced  a  red  spot 
under  the  salient  platinum  point.  Two  hundred  and  forty 
revolutions  of  the  coil  produced  a  fine  red  speck. 

Twelve  hundred  revolutions  of  the  coil  produced  no  such 
effect  when  the  velocity  was  reduced  to  three  revolutions  p«r 
second.  This  latter  result  is  exceedingly  important  in  the 
theory  of  electro-chemistry,  and  will  be  noticed  more  particu- 
larly in  a  paper  on  that  subject,  now  in  preparation. 

Without  altering  the  last  arrangement,  a  drop  of  muriatic 
acid  was  permitted  to  redden  the  paper  for  some  distance  about 
the  salient  platinum  pointy  and  the  machine  again  put  into 
motion.  With  one  hundred  revolutions  of  the  coil  a  white 
spot  appeared  under  the  salient  metal.  Two  hundred  revolu- 
tions produced  a  considerable  bleaching  effect. 

A  solution  of  the  mtiriate  of  tin  was  placed  in  the  circuit, 
being  connected  with  the  polar  cells  by  copper  wires.  The 
re-entering  terminal  copper  became  coated  witlj  tin  in  about 
six  hundred  revolutions  of  the  coil;  with  a  velocity  of  twelve 
revolutions  per  second.  On  reversing  the  direction  of  the 
electric  current,  and  consequently  producing  a  correspond- 
ing change  in  the  electric  functions  of  the  terminal  metals, 
the  tin  quitted  the  wire  to  which  it  had  been  attached  by  the 
agency  of  the  former  current,  and  the  other  terminal  (now 
the  re-entering)  metal  became  coated  with  tin  from  the  solu- 
tion. 

nienily  be  called  the  terminal  metals.  That  which  is  connected  with 
the  positive  pole  of  the  exciting  apparatus,  and  from  which  the 
electric  matter  springs  into  the  liquid,  may  very  conveniently  be 
cidled  the  "  salient  terminal  metal,"  or  occasicmally  the  "  salient 
terminal"  only:  the  word  metal  being  understood:  and  that  which 
is  connected  with  the  negative  pole,  and  through  which  the  electric 
matter  re-enters  the  exciting  apparatus,  the  "  re-entering  terminal," 
or  "  re-entering  metal." 
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In  this  experiment,  it  is  obvious  that  from  the  first  attach- 
ment of  the  tin  to  the  re-entering  terminal  wire,  a  voltaic  combi- 
nation was  formed  in  the  solution,  the  two  terminal  metals  being 
now  tin  and  copper;  and  the  current  generated  by  this  com- 
bination would  be  urged  in  an  opposite  direction  to  that  of  the 
current  from  the  machine.  Notwithstanding  however,  this 
opposing  force,  the  machine  current  prevailed  in  carrying  on 
the  decomposition,  although  the  re-entering  wire  was  tinned 
more  than  half  an  inch  of  its  length. 

A  solution  of  sulphate  of  copper  was  placed  in  the  circuit, 
the  terminal  metals  being  platinum  wires.  No  decomposition 
could  be  produced  with  any  speed  that  could  be  given  to  the 
coil.* 

Whilst  contemplating  on  the  result  of  the  last  experiment, 
it  occurred  to  my  mind  that  decomposition  might  probably  be 
effected  by  the  combined  energies  of  txco  currents,  neither  of 
which  alone  were  capable  of  accomplishing  it.  And  in  order  to 
ascertain  how  far  the  view  which  I  had  thus  taken,  was  correct, 
a  feeble  voltaic  current  was  selected  to  combine  with  that 
excited  by  the  machine.  The  voltaic  combination  consisted 
of  a  platinum  and  a  copper  wire,  which  were  twisted  together, 
and  their  other  extremities  immersed  in  the  solution  of  sul- 
phate of  copper,  and  permitted  to  remain  unmolested  for  half 
an  hour :  at  the  end  of  which  time  not  a  trace  of  copper  could 
be  discerned  on  the  platinum  wire,  which  in  this  case  was  the 
re-entering  metal  in  the  solution. 

The  copper  and  platinum  wires  were  now  untwisted  from 
each  other  and  connected  with  the  polar  cells  of  the  machine, 
their  other  extremities  communicating  with  the  liquid  sul- 
phate of  copper.  The  voltaic  combination  was  now  as  com- 
plete as  before,  but  the  circuit  was  lengthened  by  the  two 
hundred  feet  of  wire  in  the  coil.  The  wheel  was  turned  in  a 
proper  direction  to  drive  the  current /row  the  copper  wire  into 
the  solution,  and  consequently  the  platinum  was  thus  made  the 
re-entering  metal  for  both  currents ;  viz.  that  from  the  machine 
and  that  from  the  voltaic  combination,  both  of  which  had  to 
traverse  the  two  hundred  feet  of  wire  in  the  coil,  the  semi- 
wheels,  mercury  in  the  cells,  the  terminal  wires,  and  the  sul- 
phate in  solution.  Decomposition  was  rapidly  produced  when 
the  coil  moved  at  the  rate  of  twelve  revolutions  per  second. 
With  about  one  hundred  revolutions  of  the  coil,  half  an  inch  of 
the  platinum  wire  became  completely  cased  with  copper.  When 
the  wheel  was  turned  in  the  opposite  direction  the  copper  left 
the  platinum  wire. 

*  See  appendix  at  the  end  of  this  article. 
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The  first  of  these  results  is  interesting,  as  it  developes  a 
novel  mode  of  accomplishing  electro-chemical  decomposition 
by  those  currents,  which,  of  themselves,  are  insufficient  to 
make  the  slightest  change  in  the  compound.*  The  second 
result  is  also  very  curious,  though  perhaps,  of  the  same  cha- 
racter as  the  former;  for  the  sulphuric  acid  alone  would  exert 
some  slight  chemical  action  on  the  copper  coating  of  the  pla- 
tinum wire,  whilst  the  current  from  the  machine  would  assist 
in  its  expulsion. 

A  pleasing  and  highly  curious  variation  of  the  last  described 
experiment  is  made  in  the  following  manner.  When  a  piece 
of  platinum  wire  has  been  coated  with  copper  by  the  former 
process,  it  will  answer  the  purpose  of  the  copper  wire  in  the 
solution,  and  will,  in  combination  with  a  clean  platinum  wire, 
form  the  auxiliary  voltaic  combination.  So  that  by  removing 
the  copper  wire  which  had  previously  been  used,  and  putting 
a  clean  platinum  wire  in  its  place,  the  latter  may  be  coated 
with  copper  by  a  few  turns  of  the  machine  in  the  proper  direc- 
tion. At  the  same  time  that  wire  which  had  before  been 
covered  with  copper  will  now  appear  quite  clean. 

This  being  done,  there  is  again  a  voltaic  combination,  but 
in  the  reverse  order  to  the  former.  Now  change  the  direction 
of  the  wheel's  motion,  and  the  machine  current  will  conspire 
with  that  of  the  newly  formed  voltaic  pair.  The  copper  again 
changes  places,  and  that  wire  which  was  first  coated  will  now 
be  coated  again,  and  the  other  as  clean  as  at  first.  The  vol- 
taic combination  is  now  again  reversed.  Again  reverse  the 
direction  of  the  wheel,  and  another  transfer  of  the  copper 
takes  place.  These  transfers  may  be  made  several  successive 
times,  but  the  copper  coating  becomes  less  perfect  every  suc- 
ceeding transfer,  and  eventually  ceases  to  appear :  showing 
that  the  dissolution  of  the  copper,  by  this  means,  is  decidedly 
superior  to  its  restoration ;  a  consequence,  no  doubt,  of  the 
machine  current  conspiring  with  the  action  of  the  acid  in  ac- 
complishing the  solution,  on  the  one  hand;  whilst  on  the  other, 
the  voltaic  current,  even  at  first  feeble,  becomes  rapidly  more 
and  more  so,  by  the  copper  abandoning  the  platinum  wire  to 
which  it  had  been  attached :  and  eventually  counteracted  al- 
together by  copper  accumulating  on  the  other  wire. 

*  I  am  well  aware  that  compound  voltaic  batteries,  and  also 
electric  batteries  of  jars,  may  easily  be  considered  as  producing 
compound  currents;  but  the  currents  in  each  of  these  cases  are  from 
one  and  the  same  source,  and  not  from  different  sources  of  excita- 
tion, as  in  the  experiments  here  described. 
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It  is  obvious  also  from  these  results,  that  the  action  of  the 
acid  on  the  copper  is  greater  than  that  of  the  voltaic  pair  on 
it.  Otherwise  there  would  be  a  contemporaneous  appearance 
and  disappearance  of  copper  on  the  two  wires,  until  both  be- 
came coated  to  the  same  extent;  at  which  time  the  voltaic 
current  would  cease  to  exist,  and  all  chemical  action  termi- 
nate. But  this  is  never  the  case,  for  the  copper  invariably 
disappears  from  the  salient  terminal. 

Similar  phenomena  are  observed  in  other  metallic  solutions. 
The  tin  coating  of  a  copper  wire,  for  instance,  which  has  re- 
quired six  hundred  revolutions  of  the  coil  for  its  formation, 
will  entirely  disappear  by  one  hundred  revolutions  in  the  op- 
posite direction ;  whilst  the  coating  of  tin  on  the  other  wire  is 
very  slight  indeed. 

A  portion  of  muriatic  acid  was  placed  in  the  circuit,  the 
terminal  metals  being  platina  wires.  Gas  was  liberated  at  the 
re-entering  metal,  but  in  so  small  a  quantity  that  it  required 
very  close  attention  to  perceive  it. 

When  one  of  the  terminal  metals  was  copper  wire,  and 
consequently  a  voltaic  combination  formed  by  it  and  the 
platinum,  gas  was  liberated  at  the  re-entering  platinum  by  this 
combination  alone,  to  about  the  same  extent  as  by  the  current 
from  the  machine.  But  when  the  two  currents  operated  at  the 
same  time,  and  conspired  with  each  other,  the  decomposition 
was  carried  on  with  great  promptitude,  and  hydrogen  liberated 
in  abundance  at  the  platinum  terminal. 

When  the  machine  was  turned  the  opposite  way,  and  the 
two  currents  opposed  to  each  other,  no  decomposition  took 
place.  These  results  are  beautiful  specimens  of  electro-che- 
mical action  by  conspiring  electric  forces,  one  of  which  (the 
voltaic)  alone,  is  too  feeble  to  maintain  a  permanent  deflection 
of  3*  of  the  needle  of  the  most  delicate  galvanometer.  With 
the  latter  galvanometer  already  described,  the  permanent  de- 
flection with  the  voltaic  pair  alone,  did  not  amount  to  one 
degree. 

Gold  and  platina  with  muriatic  acid,  form  a  still  feebler 
voltaic  combination  than  the  latter  metal  with  copper,  but 
even  with  this  trifling  auxiliary  force  the  machine  produced 
a  copious  flow  of  gas  from  the  platinum  wire.  The  gold  part 
of  this  combination  was  simply  a  slip  of  the  leaf  gold,  which 
was  permitted  partly  to  float  on  the  surface  of  the  acid,  and 

?artly  to  hang  by  the  side  of  the  glass  vessel  containing  it. 
^'he  slip  was  touched  by  a  point  of  a  platinum  wire,  the  other 
extremity  of  which  was  connected  with  the  salient  polar  cell 
of  the  machine.    The  re-entering  terminal  metal  was  platinum 
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wire.  The  voltaic  combination  was  too  feeble  to  produce^ 
perceptibly,  either  decomposition  of  the  muriatic  acid,  or  per- 
manent  deflection  of  the  galvanometer  needle  already  des- 
cribed. 

Luminous  Phenomena,  The  spark  exhibited  by  any 
electrical  apparatus  can  appear  under  no  other  circumstance 
than  whilst  there  is  an  opening  in  the  metallic  part  of  the 
circuit;  and  is  necessarily  exhibited  to  the  greatest  advantage 
when  the  machine  is  undergoing  the  greatest  degree  of  exci- 
tation. Now,  with  regard  to  the  magnetic  electrical  machine 
already  described,  the  opening,  if  any  there  be,  in  the  circuit, 
can  occur  only  between  the  corners  of  the  semi- wheels  and  the 
mercury  in  the  polar  cells,  about  the  time  of  their  immersion, 
or  emersion;  or  whilst  they  are  relieving  each  other  in  the 
circuit-  But  this  takes  place  when  the  plane  of  the  coil  is 
coincident  with  the  neutral  plane,  or  when  the  excitation  is 
zero.  Hence  it  is  obvious  that  under  these  circumstances  no 
spark  ought  to  be  seen:  a  fact  which  is  sanctioned  by  experi- 
ment. 

In  order  therefore  to  exhibit  the  spark  by  this  machine,  a 
metallic  point,  at  nearly  right  angles  to  the  plane  of  the 
coil,  is  soldered  to  one  end  of  the  coil  of  wire,  and  caused  to 
leave  the  surface  of  the  mercury  when  the  coil  is  suffering  the 
greatest  degree  of  excitation,  or  when  its  plane  is  p6tssing 
through  the  plane  of  the  magnet.  The  other  end  of  the  coil 
wire  terminates  with  its  two  semi-wheels  which  run  in  the 
same  mass  of  mercury  as  the  point  moves  through ;  and  the 
spark  is  seen  when  the  point  leaves  the  surfetce  of  the  mercury, 
or  at  the  moment  of  interruption  in  the  circuit. 

Two  such  points  on  opposite  sides  of  the  axial  spindle  give 
two  sparks  each  revolution  of  the  coil :  and  when  the  velocity 
of  the  latter  is  considerable,  a  rapid  succession  of  brilliant 
sparks  is  produced. 

Effect  on  Animals,  With  the  last  described  arrangement, 
and  a  simple  contrivance  for  transferring  the  current  from  the 
point,  when  leaving  the  mercury,  through  a  person  in  con- 
nexion with  the  extremities  of  the  coil,  a  series  of  shocks  are 
produced  which  affect  the  arms  to  above  the  elbows.  "The 
greater  the  velocity  of  the  coil,  the  more  frequent,  and  more 
powerfrd  the  shocks  are  produced. 

By  means  of  a  pair  of  medical  directors,  a  well  known 
electrical  apparatus,  the  shocks  may  be  administered  to  any 
part  of  the  body,  where  access,  either  directly  by  the  balls,  or 
indirectly  by  intervening  moisture,  can  be  had  to  the  skin. 
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Recently  killed  rabbits,  and  other  animals,  are  convulsed  by 
the  current  of  this  machine,  in  as  decided  a  manner  as  by  the 
current  of  a  voltaic  battery. 

Variation  in  the  structure  of  the  Coil, 

When  the  preceding  described  results  had  been  fully  ascer- 
tained, by  frequent  repetitions,  the  coil  of  wire  was  taken  off 
the  reel.  It  was  then  doubled  by  bending  it  in  the  middle, 
without  breaking,  and  again  coiled  on  the  reel,  by  laying  its 
strands  side  by  side  all  the  way  from  the  bend  in  the  middle, 
(which  now  became  one  end  of  the  coil,')  to  its  two  extremities, 
which  formed  the  other  end  of  the  coil.  The  length  of  the 
circuit  through  this  coil  was  consecjuently  one  hundred  feet, 
or  just  half  of  the  length  of  the  circuit  in  the  former  coil; 
having  two  channels  in  place  of  one.  The  extremities  of 
this  coil  were  properly  connected  with  the  discharging  system 
of  semi-wheels. 

The  preceding  experiments  were  repeated  with  this  double 
coil,  and  the  general  results  were  as  follow:  the  velocities  of 
the  coils  being  the  same  in  both  sets  of  experiments. 

The  magnetic  deflections  nearly  the  same  as  before,  being 
a  few  degrees  greater  with  the  single  needle,  but  less  with  the 
astatic. 

The  chemical  decomposition  less  J  Than  with 
The  shocks  very  much  feebler     >    the  single 
The  spark  brighter  3    coil. 

Second  variation  in  the  structure  of  the  Coil. 

The  wire  was  again  taken  off  the  reel,  and  after  bending 
it  in  the  middle  was  replaced :  being  now  a  four-stranded  coil. 
The  circuit  through  this  coil  was  fifty  feet,  or  half  of  the  for- 
mer: but  consisting  of  four  channels  for  the  electric  currents 
to  flow  through.  The  ends  of  the  wire  being  properly  con- 
nected with  the  discharging  system,  the  following  experiments 
were  made. 

Solution  of  sulphate  of  copper  was  placed  in  the  circuit, 
and  platina  terminal  wires.  No  decomposition  could  be  pro- 
duced. 

With  one  platina  terminal,  and  the  other  copper,  the  decom- 
position was  exceedingly  feeble ;  and  no  complete  coating  of 
copper  could  be  given  to  the  platinum  terminal.  Two  hundred 
revolutions  of  the  wheel,  or  twenty  four  hundred  of  the  coil, 
at  the  rate  of  twelve  per  second,  gave  very  little  effect:  merely 
a  yellowish  brown  tinge  was  given  to  the  wire. 

With  muriate  of  tin  in  the  circuit  and  copper  terminal  wires, 
twelve  hundred  revolutions  of  the  coil  did  not  produce  as  much 
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coating  of  tin  on  the  receiving  terminal,  as  six  hundred  by 
the  double  coil.  The  reverse  current  did  not  displace  the  tin 
coating  in  2400  revolutions.  It  perceptibly  diminished  it, 
but  no  more.     The  other  became  a  little  coated. 

With  muriatic  acid  and  platina  terminal  wires,  no  stream  of 
gas  could  be  produced ;  but  the  re-entering  terminal,  after  600 
revolutions  of  the  coil,  got  covered  with  minute  bubbles, 
which  clung  to  the  wire,  and  could  only  be  perceived  by  the 
assistance  of  a  magnifier. 

When  the  salient  terminal  was  copper,  and  the  re-entering 
one  platinum,  the  gas  was  liberated  from  the  latter,  but  in 
very  small  quantities  when  compared  with  those  produced 
by  the  preceding  forms  of  the  coil. 

The  spark  was  not  perceptibly  different  from  that  produced 
by  the  double  coil. 

The  magnetic  deflections  rather  greater  than  by  the  double 
coil. 

No  shock  could  be  felt  from  this  coil  with  any  velocity  which 
could  be  given  to  it. 

Third  variation  in  the  structure  of  the  coil. 

The  wire  being  taken  off  the  reel,  was  again  doubled,  and 
replaced  in  a  coil  of  eight  strands.  The  length  of  the  circuit 
being  now  reduced  to  twenty-five  feet :  the  following  are  the 
general  results  obtained  from  it. 

The  magnetic  effects  not  perceptibly  different. 

The  spark  also,  about  the  same  as  by  the  last  coil. 

No  shock  could  be  produced. 

With  sulphate  of  copper  in  the  circuit  no  decomposition 
could  be  effected,  even  with  the  aid  of  one  copper  terminal. 
Two  thousand  four  hundred  revolutions  of  the  coil  were  tried 
with  the  greatest  speed  which  could  be  given  to  it,  but  without 
effect. 

With  muriate  of  tin  and  copper  terminal  wires,  no  decom- 
position. 2400  revolutions  were  tried  with  the  greatest  speed 
which  could  be  given  to  the  coil. 

With  muriatic  acid  and  platinum  terminals,  not  the  slightest 
trace  of  gas  could  be  produced.  When  one  of  the  terminals 
was  copper  wire,  no  effect  over  that  of  the  voltaic  current,  by 
the  copper  and  platinum  combination,  could  be  observed. 

REMARKS. 

One  of  the  principal  points  to  be  gained  in  bringing  the 
magnetic  electrical  machine  into  general  use  as  an  instrument 
of  experimental  research,  was  that  of  combining  the  recipro- 
cating currents,  excited  in  the  coil,  and  causing  their  energies 
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to  conspire  in  other  parts  of  the  circuit,  where  various  appa- 
ratus for  experiment  could  be  conveniently  introduced.  And 
that  this  object  has  been  accomplished  by  the  efficacy  of  the 
discharging  arrangement  which  has  been  described,  appears 
amply  attested  both  by  the  deflections  of  the  magnetic  needle, 
and  by  the  exactness  of  the  chemical  decompositions ;  and 
fortunately,  similar  arrangements,  either  with,  or  without  the 
employment  of  mercury,  can  be  applied  to  any  other  form  of 
magnetic  electrical  machines. 

In  the  series  of  experiments  already  described,  one  and  the 
same  wire  was  used  in  every  form  given  to  the  coil.  The 
lengths  of  the  electric  channels  decreased  in  a  geometric  pro- 
gression, and  the  number  of  those  channels  increased  in  a  sim- 
ilar ratio ;  so  that  the  product  arising  from  the  number  into 
the  length,  gives,  in  every  case,  one  and  the  same  quantity. 
But  the  resiUts  of  these  experiments  show  that  the  same  length 
of  wire,  in  these  different  forms  of  the  coil,  moving  with  a  con- 
stant velocity,  and  in  the  same  exciting  medium,  or  constant 
magnetic  force,  produces  very  different  electric  effects. 

The  electro-magnetic  forces  appear  to  be  somewhat  exalted 
by  multiplying  the  number  of  channels,  and  shortening  their 
lengths ;  whilst  the  chemical  forces,  on  the  other  hand,  were 
as  evidently  diminished  by  similar  arrangements  of  the  coil; 
and  on  some  compounds,  were  entirely  annihilated  by  the  last 
form  given  to  it,  or  when  the  number  of  channels  was  greatest 
and  their  lengths  shortest. 

The  effects  on  the  animal  system  also,  lessened  with  every 
diminution  in  the  length  of  the  excited  circuit ;  and  in  this 
respect,  corresponded  with  the  chemical  effects.  The  spark 
was  not  much  different,  whatever  form  was  given  to  the  coil. 

By  contemplating  electric  shocks  as  the  effects  of  a  mechani- 
cal action  on  the  animal  frame,  we  obviously  arrive  at  this  con- 
clusion ;  that  when  the  quantity  of  the  electric  matter  is  constant, 
the  violence  of  the  shocks  wUl  depend  upon  the  velocity  with 
which  that  matter  is  transmitted.  This  reasoning  on  a  for- 
mer occasion,  led  me  to  experiments,  the  results  of  which, 
were  in  strict  accsrdance  with  the  conclusion  here  drawn.* 
For  by  lessening  the  velocity  sufficiently,  an  infant  might  be 
placed  in  the  circuit,  (without  experiencing  much  inconveni- 
ence) of  a  discharge  of  a  given  quantity  of  fluid,  which,  if  trans- 
mitted with  great  velocity,  would  knock  down  the  stoutest 
man. 

Now  the  velocity  of  the  electric  matter  through  any  given 
conductor,  from  one  side  to  the  other  of  a  jar,  depends  upon 

♦  Phil.  Mag.  vol.  67. 
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the  elasticity  given  to  that  matter  by  the  exciting  process^ 
whatever  it  may  be  :  and  the  elasticity  depends  upon  the  den- 
sity or  intensity  as  it  is  frequently  called.  But  with  the  mag- 
netic electrical  machine  the  shocks  have  obviously  some  de- 
pendence upon  the  length  of  the  excited  part  of  the  circuit : 
hence  we  may  justly  conclude  that  the  velocity  given  to  the 
electric  matter,  depends  upon  the  number  and  magnitude  of 
exciting  impressions  given  to  the  coil  in  a  given  time. 

The  chemical  effects  obviously  depend  upon  the  same  con- 
ditions. 

If  nov/  we  consider  that  the  excitation  is  accomplished  by 
a  series  of  impressions  by  the  magnetic  lines  of  force  through 
which  the  coil  travels :  then,  if  those  impressions  were  of  uni- 
form intensity,  the  velocity  of  the  electric  fluid  which  they  put 
into  motion,  would  be  proportional  to  their  number  in  any 
given  time.  And  this  would  be  the  case  whether  those  im- 
pressions were  contemplated  individually  or  in  uniform  groups. 

It  so  happens,  however,  by  this  mode  of  excitation,  that  the 
exciting  impressions  vary  in  intensity  in  every  part  of  the  cir- 
cle of  revolution  of  the  coil.  But,  notwithstanding,  this  cir- 
cumstance will  not  affect  our  reasoning  on  the  total  effect 
produced  with  different  lengths  of  the  excited  channel,  provided 
we  take,  as  an  unit  of  excitation,  the  aggregate  intensity  of 
the  impressing  magnetic  force  exercised  during  one  entire  re- 
volution of  the  coil. 

Moreover,  it  will  be  convenient  for  the  purpose  of  arriving 
at  some  definite  conclusion  in  a  simple  manner,  to  consider 
the  coil  to  be  revolving  with  an  uniform  velocity ;  and  that 
every  convolution  of  the  wire  suffers  the  same  degree  of  exci- 
tation, which,  perhaps,  is  not  very  far  from  the  truth. 

Under  these  considerations  then,  it  follows,  that,  as  in  every 
form  of  the  coil  there  was  precisely  the  same  number  of  con- 
volutions  of  the  wire,  there  would  also,  in  every  case,  be  the 
same  quantity  of  fluid  put  into  motion,  when  the  speed  of  the 
coil  was  constant. 

This  being  the  case,  let  c  be  the  number  of  convolutions  in 
the  first  form  or  single  coil;  let  p  represent  the  impressing 
magnetic  force  on  each  individual  convolution  during  one  en- 
tire revolution  of  the  coil ;  and  V  the  velocity  of  the  excited 
fluid  when  the  speed  of  the  coil  is  uniform.  Then,  as  the 
velocity  depends  upon  the  impressing  or  impelling  force 

c  p  zz:  Y  the  velocity  in  the  single  coil 
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and        =  —when  the  wire  is  in  »  strands  or  distinct  coils. 

n  n 

Hence,  by  this  mode  of  reasoning,  it  appears  that  the  velo- 
city in  each  individual  strand  of  the  wire,  which  in  fact  was  a 
distinct  coil,  ought  to  be  as  the  number  of  its  convolutions  ;  a 
conclusion  which  appears  somewhat  agreeable  to  the  results 
of  the  experiments. 

APPENDIX. 

A  few  days  after  this  paper  was  read  before  the  Royal 
Society,  it  was  placed  in  the  hands  of  Mr.  Christie,  as  one  of 
the  Council,  for  perusal ;  who  was  pleased  to  give  it  particular 
attention.  Mr.  Christie  suggested  to  me  the  probability  of 
magnetic  deflections,  by  this  machine,  being  traceable  to  a 
determinate  law,  relatively  to  the  velocity  of  the  revolving 
coil;  viz:  the  tangent  of  deviation  varies  as  the  square  root  of 
the  velocity:  a  law  which  appears  very  distinguishable  in  the 
first  table  of  experiments  at  page  9 :  where,  (as  Mr.  Christie 

has  remarked)  "  the  fractions    -y-y — i — r—-  are  respectively 

4663,  4505,  4502,  The  agreement  in  the  last  two  is  very 
striking:"  a  circumstance  neither  sought  for  in  the  experi- 
ments, nor  thought  of  whilst  describing  them. 

The  results  given  in  the  second  table,  page  10,  are  not,  how- 
ever, in  accordance  with  the  above  law ;  nor  am  I  certain  that 
much  accuracy  can  be  obtained  with  machines  of  this  kind, 
whilst  mercurial  cells  are  attached  to  them ;  for  the  centrifugal 
force  of  the  semi-wheels  causes  them  to  lift  up  a  portion  of 
the  mercury  above  the  general  surface,  and  thus  prevents 
.  their  interchange  taking  place  at  the  proper  interval,  or  whilst 
the  coil  is  passmg  through  the  neutral  plane. 

The  inconvenience  of  mercury  in  magnetic  electrical  ma- 
chines has  been  experienced  by  every  one  employing  them ; 
and  in  experiments  of  nice  philosophical  research,  it  becomes 
absolutely  necessary  to  dispense  with  it ;  and  in  every  pro- 
cess, it  is  desirable  to  employ  the  whole  of  the  fluid  excited. 
Both  these  objects  have  been  accomplished  by  the  introduc- 
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tion  of  discharging  pieces^  or  springs,  lubricated  by  sweet  oil 
whilst  pressing  upon  the  metallic  arcs  attached  to  the  revolving 
spindle.*  The  first  account  of  this  contrivance  was  given  in  a 
paper  of  mine  which  appeared  in  the  liondon  and  Edinburgh 
Phil.  Magazine  for  1835;  but  I  had  used  it  for  more  than 
a  year  previously,  as  will  be  seen  by  the  following  extract. 

"  By  referring  to  the  Number  for  November  last,  it  will  be 
seen  that  I  had,  some  time  previously,  succeeded  in  producing 
electro-dynamic  phenomena,  of  various  classes,  by  giving  to 
magnetically  excited  electric  currents  one  uniform  direction 
through  the  terminal  conducting  wires,  by  means  of  a  certaia 
contrivance  which  may  very  properly  be  called  the  Unio- 
directive  Discharger ;  because  it  has  the  power  of  uniting, 
and  discharging,  in  any  one  direction,  those  currents  which, 
in  consequence  of  the  mode  of  excitation,  are  originally  urged, 
alternately,  in  directions  opposite  to  each  other. 

"  Without  some  arrangement  for  this  purpose,  every  mag- 
netic electrical  machine  in  which  coils  of  wire  form  the  original 
source,  would  have  remained  comparatively  useless ;  and  those 
phenomena,  the  most  interesting  in  electro-dynamics,  could 
never  have  been  produced  by  the  opposing  currents,  however 
powerful,  rushing  from  these  copious  sources  of  electric 
action. 

^^  To  exhibit  the  spark,  heat  wires,  or  to  produce  the  shock, 
it  matters  not  in  which  direction  the  current  flows,  nor 
whether  it  reciprocates,  or  proceeds  in  one  uniform  direction. 

"Electro -magnetic  phenomena  may  also  be  exhibited  by 
reciprocating  currents,  or  even  by  opposing  currents,  provided 
the  force  in  one  direction  sufficiently  predominates  over  that 
in  the  other.  But  in  the  production  of  chemical  decom- 
position, with  exact  polar  arrangement  of  the  liberated  con- 
stituents, it  requires  that  the  electric  currents  be  not  of  a 
reciprocating  character. 

^^  It  is,  moreover,  a  particular  object  of  the  experimenter,  in 
every  electro-dynamic  process,  to  avail  himself  of  as  much  as 
possible  of  the  excited  electric  force ;  and  also  to  prevent,  as 
far  as  he  can,  the  existence  of  any  counteraction  whatever. 

^^  Now,  in  well- constructed  magnetic  electrical  machines,  the 
reciprocating  currents  are  nearly  of  equal  force,  and  the  pre- 

♦  When  oil  is  not  employed,  the  semi-wheels  and  spring  cut  one 
another,  and  become  rough  in  a  very  short  time,  proaucinff  a  disa- 
greeable jarring  noice :  but  with  oil,  no  noice  is  heard.  The  oil  is 
also  useful  on  other  accounts.  It  extends  the  breadth  of  the  line  of 
contact  on  both  sides  of  the  spring,  and  thus  increases  the  conduct- 
ing surface,  affording  a  more  copious  flow  of  the  electric  fluid ;  as 
experience  amply  proves. 
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dominancy,  if  any  there  be,  can  never  be  calculated  on  as  a 
disposable  force,  as  regards  either  degree  or  direction, 

"  Besides,  it  would  be  exceedingly  unscientific,  in  cases  where 
power  is  wanting,  to  employ  a  part  only,  when  the  whole  is 
available ;  or,  as  in  the  present  instance,*  to  employ  the  differ- 
ence only,  instead  of  the  sum  of  the  reciprocating  electric 
forces. 

"Hence  the  obvious  advantage  of  the  unio-directive dis ■ 
charger,  which  places  the  whole  of  the  excited  force  at  the 
disposal  of  the  experimenter,  and  gives  to  the  magnetic  elec- 
trical machine  a  degree  of  importance  which  it  could  never 
have  possessed  without  it. 

'*  Tne  experimenter  also,  by  this  means,  may  safely  confide 
in  his  preoictions,  and  vary  his  exhibitions  in  any  way  he 
pleases,  as  far  as  the  energy  of  the  currents  will  permit.  He 
is  thus  relieved  from  all  those  corroding  apprehensions  and 
mortifying  disappointments,  which  must  ever  molest  his  efforts, 
agonize  his  feelings,  and  chill  the  ardour  of  his  enquiries,  whilst 
operating  with  an  apparatus  over  the  powers  of  which  he  has 
not  the  slightest  control. 

"  The  following  particulars  may  possibly  be  interesting 
to  those  engaged  in  magnetic  electricity. 

"  I  produce  electric  shocks,  sparks,  steady  deflections  of  the 
needle,  electro-magnetic  rotations,  &c,,  and  chemical  decom- 
position with  exact  polar  arrangement  of  the  liberated  con- 
stituents, by  the  following  forms  of  magnetic  electrical  ma- 
chines. 

"  1.  By  revolving  coils  of  copper  wire  between  the  poles  of 
either  a  horse-shoe  or  a  compound  bar  magnet,  so  as  that  the 
wire  may  strike,  at  right  angles,  the  most  formidable  group  of 
magnetic  lines,  as  shown  in  my  theory  of  magnetic  electricity. 
(See  Lond.  and  Edinb.  Phil.  Mag.,  vol  i.  p.  31. )t 

"  With  the  exception  of  my  revolving  discs,  described  in  the 
Phil.  Mag.  for  April,  1832,  (Phil.  Mag.  and  Annals,  N.  S., 
vol,  xi.  p.  270.),  this  is  the  oldest  of  my  magnetic  electrical 
machines.  But  for  want  of  a  sufficiently  powerful  magnet  it 
was  a  long  time  before  I  had  much  satisfaction  from  it.  I  have 
more  recently  been  better  provided,  and  I  find  that  it  acts 
well;  and  appears  to  me  to  be  better  calculated  for  some  points 
of  enquiry  than  any  other  form  I  have  yet  seen. 

'^2.  By  revolving  coils  of  wire  (having  an  iron  axis  or  arma- 
ture) in  front  of  the  poles  of  a  horse-shoe  magnet.  My  first  re  vol- 

*  This  part  alluded  to  machines  with  a  revolving  disc  and  double 
point  discharger :  the  only  kind  then  known  in  London. 

+  This  theory  is  fully  explained  in  these  Annals.  Vol.  I.  pages 
198,  251. 
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ving  armature  was  simply  a  straight  piece  of  iron  carrying  a 
coil  of  wire,  and  revolving  in  a  horizontal  plane  above  the 
poles  of  a  vertical  electro-magnet.  The  idea  of  this  form  oc- 
curred whilst  Mr.  Watkins  was  describing  to  me  the  well- 
known  apparatus  of  M.  Pixii^  an  account  of  which  had  reached 
him  a  short  time  before.  With  this  form  I  never  did  anything 
more  than  produce  a  feeble  spark. 

"  In  the  autumn  of  1833, 1  first  saw,  in  its  present  state,  the 
splendid  apparatus  in  the  Adelaide  Exhibition  Rooms,  made 
by  Mr.  Saxton.  This  modification  of  M.  Pixii's  magnetic 
electi'ical  machine  far  exceeding  in  power  my  puny  arrange-.^ 
ment.  I  have,  from  that  time,  employed  bent  armature  and 
two  coils  in  the  manner  of  Mr.  Saxton. 

*^  3.  Bent  armature  and  coils  similar  to  No.  2.  The  magnet 
vertical,  and  the  revolving  axis  carrying  the  armature  and 
coils  at  right  angles  to  the  plane  of  the  magnet. 

"  4.  Similar  to  No.  3,  with  the  exception  of  a  second  piece  of 
armature,  with  its  coils,  revolving  on  the  same  axis  on  the  op- 
posite side  of  the  magnet.  The  greatest  power  is  obtained 
when  the  pieces  of  armature  are  placed  at  right  angles  to  each 
other. 

"5.  By  fixed  coils  on  the  two  branches  of  a  horse-shoe  mag- 
net, and  a  short  thick  piece  of  soft  iron  revolving  in  front  of 
the  poles.    This  is  a  very  neat  form. 

^'  6.  By  four  cylinders  of  soft  iron,  with  their  coils,  perma- 
nently fixed  to  the  poles  of  the  magnet,  one  on  each  side  of 
each  pole.  The  excitation  is  carried  on  by  a  revolving  piece, 
as  in  No.  5. 

*^  My  uniO'directive  discharger,  which  can  be  applied  to  any 
of  the  above  forms,  is  by  far  the  most  happy  contrivance  1 
have  yet  hit  upon  in  this  class  of  apparatus.  It  consists  prin- 
cipally of  four  or  more  semicylindric  pieces,  properly  attached 
to  a  revolving  spindle. 

"  The  mercury,  which  has  hitherto  held  so  distinguished  and 
important  a  situation  in  the  discharging  part  of  magnetic 
electrical  machines,  but  which  is  a  complete  nuisance  to  the 
operates,  I  have,  in  most  processes,  entirely  dismissed,  by  the 
introduction  of  my  newest  forms  of  discharger.'* 

Shortly  after  the  experiments  described  in  the  preceding 
paper  were  made,  the  machine  was  furnished  with  the  discharg- 
mg  apparatus  last  mentioned,  and  with  an  addition  of  one 
hundred  feet  of  wire  to  the  coil. 

Its  chemical  and  phisiological  energies  are  much  improved 
by  these  means.  It  decomposes  water  and  other  compounds 
which  would  not  yield  to  it  before,  and  produces  shocks  of 
considerable  power. 
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As  this  machine  is  not  actuated  by  any  versatile  magnetic 
force  from  soft  iron,  it  is  more  suitable  for  philosophical 
research  than  any  other  form  I  have  yet  heard  of.  It  was 
contrived  from  the  views  which  I  have  long  taken  of  magnetic 
electricity,  and  operates  upon  the  principles  of  the  theory 
already  laid  down  in  the  first  volume  of  these  Annals.  It  is, 
I  believe,  distinct  from  all  other  machines  hitherto  described ; 
and,  at  the  lecture  table,  can  hardly  be  dispensed  with  in 
future. 

Another  series  of  experiments  with  an  improved  machine 
of  this  kind  will  be  given  in  the  next  number,  provided  there 
be  room.  Also  a  description  of  a  magnetic  electrical  machine, 
with  revolving  armature,  of  considerable  chemical  power, 
will  shortly  be  described  in  these  Annals. 


II.  Researches  on  the  properties  of  magnetic  electrical 
currents;  by  M.  Auguste  De  la  Rive,  Professor  in  the 
Academy  at  Geneva,  and  corresponding  Member  of  the 
Academy  of  Sciences  at  Paris,*     An  epitome.-^ 

The  author  states  first  that  magnetic  electrical  currents 
are  those  which  are  excited  in  a  metallic  wire,  by  the 
approaching  and  withdrawing  a  magnet,  that  they  are  instan- 
taneous, and  driven  alternately  in  opposite  directions. 

In  the  first  §,  he  takes  a  general  survey  of  magnetic  elec- 
trical currents.  After  having  briefly  described  the  apparatus 
by  which  he  has  succeeded  in  producing  an  uninterrupted 
succession  of  these  currents,  he  studies  the  influence  that 
the  velocity  with  which  they  succeed  one  another,  might  have 
over  the  intensity  of  their  effects.  He  indicates  among  other 
results,  that  the  spiral  of  a  metallic  thermometer  was  heated 
to  7*  when  there  were  only  two  alternately  opposite  currents 
in  a  second:  to  55'  when  there  were  nine  currents  :  to  100* 
when  there  were  20  currents:  to  133*  when  there  were  40 
currents :  and  that  he  even  made  a  fine  platinum  wire  red  hot 
when  the  succession  of  currents  were  more  rapid.  The  che- 
mical effects  were  submitted  to  the  same  influence,  only  they 
had  a  limit  to  the  most  advantageous  velocity,  beyond  which 
the  decomposition  was  retarded.     Thus,  for  example,  to  pro- 

*  From  the  ^^Comptes  rendus  hebdomadaires  des  seances  de 
rAcad^mie  Royale  des  Sciences,  No.  2^,  May  29,  1837." 

+  Translated  by  Mr.  J.  H.  Lang, 
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duce  the  same  quantity  of  gas  from  the  decomposition  of 
water,  we  must  have, 

1050    currents  when  there  are  14  in  a  second 

462     2S 

442     42 

400     47 

494 52 

Whence  it  follows  that  the  influence  of  the  velocity  with 
which  the  currents  succeed  one  another,  does  not  consist  only 
in  there  being  a  greater  number  of  currents  in  a  given  time, 
but  chiefly  that  the  individual  intensity  of  each  current 
experiences  a  considerable  augmentation. 

This  influence  of  the  velocity  is  also  perceived  on  the  phy- 
siological efiects,  which  acquire  a  very  superior  energy  to  what 
they  possess  when  they  are  produced  by  voltaic  currents ;  a 
phenomenon  which  may  be  attributed  to  the  discontinuation 
and  alternately  opposite  direction  of  the  magnetic  electrical 
currents,  and  of  which  it  may  perhaps  be  possible  to  take 
advantage  in  the  art  of  war. 

The  object  of  §  2  and  3  is  the  study  of  the  passage  of 
magnetic  electrical  currents  when  traversing  metallic  and 
liquid  conductors.  The  resistance  that  these  currents  experi- 
ence when  the  length  of  the  most  perfect  metallic  or  liquid 
conductor  is  increased  is  considerable,  and  much  greater  than 
that  experienced  by  electrical  currents  from  other  sources. 
But  if  the  conductor  be  heterogeneous  instead  of  homogeneous 
the  resistance  is  much  less:  the  contrary  to  this  takes  place 
with  regard  to  other  electric  currents.  Thus  a  wire  one  metre 
long  having  one  end  of  iron  and  the  other  of  copper,  does  not 
conduct  magnetic  electrical  currents  as  well  as  a  wire  of  the 
same  length  and  diameter  composed  of  four,  and  still  better  of 
eight  ends,  alternately  iron  and  copper.  Acidulated  water 
placed  in  a  glass  vessel,  conducts  magnetic  electrical  currents 
quite  as  well  when  it  is  divided  into  two  or  more  compart- 
ments by  platina  diaphragms,  as  if  it  formed  one  continued 
mass,  provided  only  that  the  liquid  conductor  be  not  length- 
ened by  the  presence  of  the  diaphragms. 

In  §  4  the  author  is  occupied  with  the  influence  exercised 
on  magnetic  electrical  currents,  by  the  extent  and  form  of  the 
metallic  conductor  used  to  transmit  them  to  the  liquid.  He 
remarks  that  the  gas  which  is  abundantly  evolved  when  the 
metallic  conductors  are  straight  plates  or  simple  wires,  becomes 
little  or  nothing,  (all  other  circumstances  remaining  the  same) 
when  these  conductors  are  plates  whose  surface  presents  rather 
a  considerable  extent,  of  from  four  to  eight  centimetres  square 
at  least. 
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To  find  out  this  phenomenon,  he  placed  in  the  circuit  acid 
solutions  of  different  degrees  of  concentration,  on  the  one  hand 
by  means  of  a  plate  of  platinum  which  he  could  immerse  more 
or  less  in  the  liquid,  on  the  other  by  means  of  a  platinum  wire 
which  he  could  surround  with  a  glass  to  collect  the  gas  disen- 
gaged at  its  surface.  The  spiral  of  the  metallic  thermometer  was 
in  the  circuit,  in  proportion  as  the  plate  was  immersed  in  the 
liquid,  the  quantity  of  the  gas  liberated  at  its  surface  diminish- 
ea,  whilst  with  the  contrary  there  was  a  stronger  development  of 
gas  on  the  wire  and  an  elevation  in  the  temperature  indicated 
by  the  spiral ;  and  when  the  extent  of  the  surface  of  contact 
between  the  plate  and  the  liquid  had  become  such  that  there 
was  no  longer  a  liberation  of  gas  on  the  surface  of  this  plate 
(it  was  then  450  millimetres  square  in  sulphuric  acid  increased 
by  nine  times  its  volume  of  water)  he  found  that  he  had  at* 
tained  the  limit  of  increase  in  the  intensity  of  the  current 
transmitted;  when  he  even  immersed  the  plate  twice  or  four 
times  deeper  he  obtained  neither  more  heat  in  the  spiral  nor 
more  gas  in  the  wire.  He  replaced  the  platinum  wire  by  a 
second  plate  of  the  same  metal,  and  giving  it  a  surface  of 
contact  of  450  millimetres  square  he  had  no  more  liberation 
of  gas  either  from  the  one  or  the  other,  and  the  metallic  spiral 
indicated  a  maximum  temperature  of  46*. 

In  another  experiment  in  which  a  still  more  conducting 
liquid  and  platina  plates  of  a  greater  surface  were  employee^ 
he  was  enabled  to  raise  the  temperature  of  the  spiral  to  93* 
without  the  current  (capable  of  producing  such  an  effect,) 
showing  the  least  decomposition  of  the  acidulated  water 
that  it  traversed. 

There  seems  to  result  from  the  above,  that  only  the  chemical 
effects  of  the  current,  are,  like  the  calorific  effects,  manifested  in 
proportion  as  this  current  is  impeded  in  its  passage,  and  at  the 
points  in  which  it  experiences  this  impediment ;  and  as  with 
voltaic  piles,  the  quantity  of  electricity  produced  is  as  consider- 
able as  ever,  or  very  rarely  less,  it  cannot  entirely  flow  through 
the  conductors  which  connect  their  poles ;  wherefore  he  con- 
ceived, when  these  conductors  are  liquid,  however  great  may 
be  the  extent  given  to  the  metallic  surfaces  immersed  in  the 
liquids,  the  current  always  experiences  an  impediment  and 
causes  a  chemical  decomposition.  With  magnetic  electrical 
currents,  whose  original  intensity  is  much  less,  we  may  expect 
on  the  contrary  easily  to  attain  the  limit  beyond  which  these 
currents  experience  no  more  impediment  in  passing  over  me- 
tallic surfaces  in  liquids;  a  circumstance  which  explains  why 
the  interposition  of  one  or  more  diaphragms  does  not  diminish 
the  facility  of  their  transmission. 
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The  simultaneous  employment  of  liquid  and  metallic  con- 
ductors^ which  iormB  the  subject  of  the  §  5,  presents  some 
interesting  phenomena,  particularly  with  regard  to  the  theory 
of  electricity.  The  current  transmitted  by  means  of  two 
large  platina  plates,  through  acidulated  water  placed  in  the 
circuit,  raised  the  metallic  spiral,  which  it  also  traversed,  to 
82*.  Without  removing  the  liquid,  the  two  platina  plates 
were  connected  by  a  metallic  wire,  so  that  the  current  has 
two  ways  instead  of  one  of  arriving  at  the  spiral,  that  of  the 
hquid  conductor  as  before,  and  that  of  the  metallic  wire.  If 
this  wire  be  of  silver  ^  millimetre  in  diameter  and  45  centi- 
metres long,  this  double  way  does  not  change  the  eflfect  of 
the  current  which  continues  to  increase  the  temperature  of 
the  metalUc  spiral  to  82*.  If  a  greater  length  be  given  to  the 
wire  the  temperature  of  the  spiral  decreases  and  attains  a 
minimum  of  67*  when  the  wire  is  4  metres  long.  Then  length- 
ening the  wire  still  more,  the  spiral  is  heated  a&esh  and  returns 
to  82*  when  the  wire  is  12  metres  long. 

The  preceding  results  and  others  of  the  same  kind  which 
have  been  obtained  by  varying  the  nature  and  dimensions  of 
the  conductors  employed,  permit  us  to  assert  the  two  following 
principles;  1st  that  one  current  driven  in  the  same  direction 
as  another,  can  either  increase  or  diminish  the  intensity  of 
the  second,  according  to  the  relations  which  exist  between 
the  ways  they  have  each  traversed,  when  setting  out  from  the 
same  source  they  arrive  at  the  same  point.  2nd.  to  produce 
the  same  effects  on  a  current  which  always  traverses  the  same 
way,  that  traversed  by  the  other  ought  to  be  as  much  longer 
as  it  is  a  better  conductor.  It  is  easily  perceived  that  the 
phenomena  we  have  just  described,  are  the  true  phenomena 
of  interferences  which  lead  us  necessarily  to  admit  that  the 
electric  current  is  propagated  by  means  of  very  long  undula- 
tions, and  whose  length  is  as  much  more  considerable  as  the 
medium  in  which  the  propagation  takes  place  in  the  better 
conductor. 

The  ordinary  voltaic  currents  cannot  give  rise  to  the  same 
effects,  because  the  sources  whence  they  are  derived  has  such 
an  intensity  that  the  addition  of  a  second  conductor  instead 
of  causing  a  division  of  the  same  quantity  of  electricity 
between  this  conductor  and  the  first,  causes  a  more  consider- 
able quantity  of  this  agent  to  flow,  which  renders  the  results 
less  comparable. 

§  6  is  devoted  to  the  explanation  of  particular  pheno- 
mena presented  by  the  surface  of  the  metals  which  transmit 
the  magnetic  electrical  currents  through  a  liquid  conductor. 
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When  acidulated  water  is  decomposed  by  these  currents, 
making  them  penetrate  the  liquid  through  the  medium  of  two 
platina  wires,  we  perceive,  the  liberation  of  gas,  which  is  at 
first  considerable,  diminish,  till  at  length  it  entirely  ceases. 
In  the  mean  time  the  currents  lose  nothing  of  their  intensity ; 
on  the  contrary  they  become  stronger,  of  which  the  tempera- 
ture indicated  by  the  metallic  spiral  placed  in  the  circuit  is  a 
proof.  If  we  examine  the  platina  wires  when  the  gas  ceases 
to  be  liberated  at  their  surfaces,  we  shall  find  them  covered 
with  a  thick  black  stratum,  which  is  nothing  but  metallic 
platinum  minutely  divided,  as  may  be  easily  certified  by 
several  means,  and  particularly  by  the  faculty  which  a  wire 
covered  with  this  stratum  possesses  of  determining  the  com- 
bination of  gas  on  being  introduced  to  an  explosive  mixture. 
Gold  and  palladium,  under  the  same  circumstances  present 
the  same  phenomena  as  platinum  ;  they  are  also  covered  but 
more  rapidly  with  a  minutely  divided  stratum,  possessing  the 
same  properties ;  it  is  the  same  also  with  metals  acted  on  by 
conducting  solutions,  such  as  silver,  copper,  and  lead. 

We  have  carefully  collected  and  measured  the  gases  libe- 
rated when  a  magnetic  electrical  current  is  transmitted  through 
divers  liquid  solutions,  either  by  means  of  platina  or  gold  wires. 
The  analysis  of  these  gases  has  proved  that  they  were  al- 
ways oxygen  and  hydrogen  in  the  proportions  which  form 
water,  a  fresh  proof  that  the  divided  stratum  was  much  of  pure 
metal  without  any  oxide  mixture.  We  have  observed,  further, 
that  in  proportion  as  the  volume  of  the  gases  developed  di- 
minished, the  metallic  spiral  placed  in  the  circuit,  acquired  a 
higher  temperature,  and  only  arrived  at  its  maximum  when 
there  was  no  longer  any  production  of  gas.  The  current 
had  then  its  maximum  intensity.  The  different  solutions  sub- 
mitted to  experiment,  presented  curious  differences  as  to  the 
quantity  of  gas  liberated,  and  the  heat  produced  in  the  spiral 
traversed  by  the  current,  these  two  effects  being  generally  in- 
verse to  each  other  with  regard  to  their  intensity. 

The  author  terminates  his  memoir  with  the  examination  of 
two  questions,  intimately  connected  with  one  another. 

The  object  of  the  first  is  to  know  whether  the  absence  of 
gas,  when  magnetic  electrical  currents  are  transmitted 
through  a  liquid  conductor,  either  by  means  of  wires  covered 
with  a  minutely  divided  metallic  stratum,  or  by  plates  of  large 
surface,  is  owing  to  there  being  really  no  decomposition,  or 
to  the  oxygen  and  hydrogen  resulting  from  the  decomposition 
ariving  nearly  at  the  same  time  on  the  surfaces,  and  being  re- 
composed  by  the  influence  of  these  surfaces.  Some  facts  men- 
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tioned  in  the  memoir  would  seem  to  favour  the  second  opinion, 
which,  however,  particularly  as  to  the  plates,  seems  to  be  less 
probable  than  the  first. 

The  second  question  relates  to  the  cause,  which,  in  the 
above  mentioned  experiments  occasions  the  surfaces  of  the 
metals  to  be  covered  with  a  minutely  divided  stratum.     Is 
this  effect  due  to  the  alternate  liberation  of  the  oxygen  and 
hydrogen  on  the  suface  of  the  metals,  causing  them  to  experi- 
ence so  multiplied  a  succession  of  oxidations  and  disoxida- 
tions,  that  at  length  there  results  a  disagregation  of  the  metal 
itself?     Would  this  explanation,  which  also  accounts  for  the 
effect  of  platinum  sponge,  and  generally  for  the  divided  metals 
on  the  explosive  mixtures,  admissable  for  oxidizable  metals, 
and  even  for  gold,  be  accepted  for  platinum,  which  we  must 
then  regard  as  susceptible  of  combining  directly  with  the  oxy- 
gen, under  the  influence  of  certain  circumstances  ?    'Or  might 
it  not  probably  be  (and  this  cause  even  though  it  should  not 
be  the  only  one,  might  contribute  much  to  the  production  of 
the  phenomena),  that  the  very  rapid  succession  of  instanta- 
neous and  alternately  contrary  currents,  produced  at  the  mo- 
ment when  these  currents  passed  some  metals  in   the  liquids, 
shocks  violent  enough  gradually  to  effect  the  disagregation  of 
the  particles  of  the  metallic  surfaces  ?  This  conjecture  would 
seem  to  be  confirmed  by  those  metals  which  have  the  most 
tenacity,  platinum,  and  above  all  iron,  offering  the  greatest  re- 
sistance to  the  disagregation.     Besides,  these  shocks  might 
be  rendered  visible,  particularly  with  mercury,  which  being 
liquid,  instead  of  experiencing  a  disagregation  at  its  surface, 
exhibits,  when  it  conducts  the  magnetic  electrical  currents 
through  a  liquid,  extremely  rapid  vibratory  motions  of  a  much 
more  marked  and  general  character  than  those  to  which  it  is 
subject,  when  used  for  the  negative  pole  of  a  voltaic  current. 
There  are  also  perceived  about  the  wires,  particularly  those  of 
silver,  when  they  are  immersed  in  a  liquid  through  which  they 
conduct  the  magnetic  electrical  currents,  a  series  of  vibrations 
which  parting  from  the  immerged  surface,  are  propagated  in 
the  liquid.     Gold  and  silver  wire  only  exhibit  this  phenome- 
non when  they  are  covered  with  their  divided  and  very  thick 
stratum ;  it  is  also  necessary,  in  order  to  render  it  very  visible, 
that  these  currents  do  not  succeed  too  rapidly. 

The  author  after  having  shown  that  these  last  facts  approach 
those  that  he  has  described  above,  and  relative  to  the  kind 
of  interferences,  of  which  the  currents  are  susceptible,  are 
naturally  to  strengthen  the  opinion  that  the  electric  current 
is  propagated  by  undulation,  announces  that  he  is  going  to  en- 
deavour by  means  of  as  precise  instruments  as  he  can  procure. 
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to  compare  numerically  more  correctly  than  the  results  he  has 
already  obtained,  and  to  measure  the  length  of  the  electric 
undulations. 

III.  On  chemical  reactions  produced  by  the  contact  of 
oxidizable  metals  ivith  distilled  water  and  insoluble  com- 
pounds.    By  M.  Becquerell.* 

On  the  action  produced  by  electricity  of  a  low  tension 
on  insoluble  substances, i 

In  my  former  commmiications  I  have  frequently  had 
occasion  to  show  how,  by  the  assistance  of  electro-chemical 
effects,  we  could  promote  among  bodies,  which  are  present, 
affinities  that  could  never  be  produced  by  the  ordinary  che- 
mical means,  of  which  the  observations  I  have  had  the  honour 
to  present  to  the  Academy  are  an  additional  proof. 

Hitherto  we  have  used,  for  the  decomposition  of  inso- 
luble substances,  electric  currents  proceeding  from  voltaic 
apparatus,  composed  of  elements  more  or  less  considerable, 
but  we  can  act  equally  on  many  of  these  substances  by 
employing  simultaneously  the  affinities  and  action  of  currents 
produced  by  the  slow  reaction  of  two  bodies  on  each  other. 
We  know,  in  short,  that  if  the  electric  powers,  by  virtue  of 
which  the  elements  of  a  body  are  combined,  could  be  turned 
into  a  current,  it  would  have  the  necessary  intensity  to 
accomplish  the  separation  of  these  same  elements.  But  when 
two  bodies  are  combined  together,  the  electricities  liberated, 
represent  those  which  constitute  the  electric  power.  Hence 
if  it  were  possible  to  transform  them  into  a  current,  it  would 
effect  the  separation  of  as  many  elements  as  entered  the  com- 
bination, but  we  could  only  effect  this  transformation  on  a 
very  small  portion  of  the  two  electricities  disengaged,  since  it 
produces  in  the  liquid  many  recompositions  which  much 
diminish  the  intensity  of  the  principal  current ;  whence  the 
more  the  number  of  these  recompositions  is  decreased,  the  more 
the  intensity  of  the  current  is  augmented,  and  the  more  there- 
fore it  tends  to  become  equal  to  that  of  a  pile  composed  of  a 
certain  number  of  elements.  This  condition  is  fulfilled  by 
disposing  the  apparatus  so  that  the  electricities  disengaged, 
should  traverse  the  smallest  possible  space  in  the  liquid. 

To  give  an  idea  of  the  general  method  spoken  of,  we  shall 
relate  a  series  of  experiments  which  will  show  at  the  same 

*  Comptes  Rendus  hebdomadaires  des  seances  de  I'Acad^mie 
Royal  des  Sciences,  No.  22,  May  29. 

f  Translated  by  Mr.  J.  H.  Lang. 


Digitized  by 


Google 


of  a  low  tension y  on  insoluble  sitbstances.  31 

time  the  advantage  that  may  be  derived  from  this  new  mode 
of  decomposition  in  the  formation  of  different  products^  several 
of  which  have  not  yet  been  obtained  by  the  ordinary  process 
of  chemistry. 

First  experiment.  In  a  tube  of  about  a  centimetre  in 
diameter,  closed  at  one  end,  was  placed  some  newly  preci- 

fitated  oxide  of  copper,  distilled  water,  and  a  plate  of  zinc, 
n  the  space  of  a  week  or  two,  the  following  reactions  were 
observed ;  the  oxide  assumed  by  degrees  a  green  tint  by  com- 
bining with  the  carbonic  acid  of  the  air  through  the  medium 
of  the  water :  a  portion  of  the  carbonate  was  decomposed  by 
the  zinc,  the  oxide  of  copper  was  reduced,  and  the  plate  cover- 
ed, at  the  part  in  contact  with  the  oxide,  with  small  anhydrous 
crystallized  grains  of  carbonate  of  zinc,  whilst  flakes  of  the 
same  compound  were  deposited  on  the  upper  surface.  Bubbles 
of  hydrogen  gas  were  at  times  liberated  owing  to  the  decom- 
position of  the  wat^r ;  substituting  carbonate  of  copper  for  the 
oxide,  the  results  were  the  same.  We  cannot  but  perceive  in 
their  production  the  influence  of  electric  forces  liberated  by 
the  reaction  of  the  water  on  the  zinc ;  we  will  quote  hereafter 
other  examples  of  this  influence*  Iron  in  contact  with  water 
and  the  protoxide  of  tin,  reduces  the  latter.  Other  oxides  are 
equally  reduced  by  iron  and  water. 

Second  experiment.  In  a  tube  four  millimetres  in  diameter 
closed  at  one  end,  was  placed  a  demigramme  of  black  sulphuret 
of  mercury,  on  which  a  saturated  solution  of  marine  salt  was 
poured ;  a  plate  of  copper  was  then  immersed  to  the  bottom 
and  the  tube  hermetically  sealed.  Although  the  sulphuret  of 
mercury  is  not  soluble  in  marine  salt,  and  the  latter  does  not 
sensibly  attack  the  copper,  excluded  from  the  air,  nevertheless 
from  the  different  feeble  chemical  reactions  which  took  place  on 
the  contact  of  the  copper  with  the  sulphuret  of  mercury,  the 
water,  and  the  chloride  of  sodium,  the  following  results  were 
developed :  decomposition  of  sulphur,  formation  of  eight  sided 
crystals  of  mercury,  combined,  probably,  with  a  small  portion  of 
copper,  on  the  copper  plate  and  side  of  the  tube.  The  opera- 
tion which  commenced  eight  years  ago  has  continued  without 
interruption,  and  it  is  probable  that  in  time  all  the  sulphur 
will  be  decomposed. 

If  more  prompt  effects  be  required,  salt  water  must  be  sub- 
stituted for  distilled,  the  end  of  the  copper  plate  which  isput  in 
contact  with  the  sulphur  must  be  amalgamated,  and  the  tube 
kept  open.  In  a  few  days  the  effects  of  the  reaction  will  be  sen- 
sible ;  the  plate  will,  by  degrees,  become  covered  with  crystals 
amalgamated  with  mercury  and  copper.  It  appears  that  under 
the  influence  of  the  air,  sulphate  of  copper  and  sulphate  of 
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mercury  which  are  reduced  by  the  action  of  a  voltaic  pair  of 
copper  and  mercury  are  formed  simultaneously.  The  crystals 
being  grouped  in  confusion  beside  each  other,  it  is  difficult  to 
determine  their  form.  Without  amalgamating  the  end  of  the 
plate  in  contact  with  the  sulphur  there  would  be  no  sensible 
reaction  produced  in  the  space  of  a  month. 

Third  experiment.  Operating  in  the  same  manner  with 
sulphuret  of  copper,  distilled  water,  and  a  leaden  plate,  we 
obtained  the  following  results ;  slow  formation  of  sulphate  of 
copper,  which  was  dissolved ;  gradual  decomposition  of  this 
salt  by  the  lead,  and  the  formation  of  sulphate  of  lead  which 
forms  eight  sided  crystals  semi-prismatic  variety  of  Haiiy. 

Fourth  experiment.  The  reaction  of  oxidizable  metals 
even  on  the  most  insoluble  salts  is  such  that,  the  sulphate  and 
phosphate  of  lead,  in  contact  with  an  iron  plate  and  distilled 
water  in  a  glass  tube,  suffered  decomposition ;  the  lead  was 
precipitated  on  the  iron,  and  produced  on  one  part  sulphate  of 
iron,  which  was  found  in  the  water;  on  the  other,  sub-sulphate 
and  phosphate  of  iron  which  were  precipitated. 

Fifth  Experiment,  In  a  tube  of  a  centimetre  in  diameter 
carbonate  of  hydrated  copper,  a  saturated  solution  of  marine 
salt,  and  a  plate  of  iron  were  placed,  and  the  tube  hermetically 
sealed.  By  degrees  the  carbonate,  from  its  original  blue,  be- 
came black ;  the  plate  was  covered  with  metallic  copper,  and 
at  the  end  of  some  months  the  decomposition  was  complete. 
The  solution  of  the  marine  salt  became  green  from  the  pre- 
sence of  the  chloride  of  iron. 

Whence  it  is  beyond  a  doubt,  that  in  the  different  reactions 
which  take  place  by  the  contact  of  water,  marine  salt,  car- 
bonate of  copper,  and  iron,  the  hydrated  carbonate  was  at 
first  decomposed  under  the  voltaic  influence  in  water  and  in 
anhydrated  carbonate,  then  the  latter  was  completely  decom- 
posed. When  the  experiment  was  made  in  contact  with  the 
air  the  carbonic  acid  was  disengaged  and  precipitated  from 
the  oxide  of  iron. 

Substituting  a  leaden  plate  for  the  iron  one,  the  carbonate 
of  copper  was  equally  decomposed,  and  a  double  chloride  of 
lead  and  sodium  was  formed,  which  was  crystallized  in  pretty 
rohomboids  of  the  carbonate  of  lead,  probably  chloro  carbon- 
ate in  acicular  crystals;  but  all  these  crystals  are  so  mixed 
with  each  other,  that  it  is  very  difficult  to  separate  them. 
Plain  soda  mixed  renders  the  liquid  slightly  alkaline. 

Sixth  Experiment,  Carbonate  of  silver,  distilled  water, 
and  a  leaden  plate,  were  arranged  as  before  :  the  carbonate 
was  soon  decomposed ;  a  part  adhering  to  the  side  of  the  glass 
formed  in  different  places  a  continued  metallic  contact^  as 
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brilliant  as  if  the  glass  had  been  tinned.  The  leaden  plate 
was  covered  at  the  same  time  with  hydrated  carbonate  of  lead, 
in  small  mother-of-pearl  plates. 

This  carbonate,  like  that  of  copper  could  only  be  decomposed 
as  long  as  the  electric  elTects  produced  by  the  oxidation  of  the 
metals,  in  contact  with  the  water  and  the  air,  intervene  in  this 
reaction,  to  eflTect  the  separation  of  its  elements. 

Substituting  a  plate  of  copper  for  the  lead,  the  carbonate  of 
silver  was  still  more  rapidly  decomposed;  it  formed  a  green 
carbonate  of  copper,  which  by  degrees  changed  into  blue. 
The  side  of  the  tube  was  covered  with  tolerably  clear  small 
crystals  of  this  carbonate.  The  silver  reduced  was  mixed 
with  small  crystals  of  protoxide  of  copper. 

The  electro  chemical  theory  relates  also  various  reactions 

fffoduced  by  an  apparatus  in  which  are  carbonate  of  copper, 
ead,  and  marine  salt. 

Bodies  present  and  products  formed.  Atomic  compositions. 

Bibasique  carbonate  of  S  ]  ^^"^  °^  deutoxide  of  copper 

^rL^^^  \  1 carbonic  acid 

copper.     .     .     .    ^2 copper 

Chloride  of  sodium      \\ of  sodium 

f  )i of  chlorine 

Lead  .... 
Water 

ChloridoofW.    .\Y^^^,^^ 

i  1  atom  of  protoxide  of  lead 
Carbonate  of  lead     .    X  1 carbonic  acid 

f  Probably  2  atoms  of  water 
Double  chloride  of  lead  c  1  atom  of  chloride  of  sodium 
and  sodium  .     .     .M chloride  of  lead 

One  atom  of  sodium  being  liberated,  the  liquor  becomes 
alkaline. 

We  see  by  this  table  that  all  the  separate  elements,  with 
the  exception  of  one  atom  of  sodium  liberated,  enter  into 
the  new  combinations. 

Operating  with  chloride  of  calcium  and  iron  in  a  closed 
tube,  the  effects  are  the  same,  except  that  it  deposits  an 
ochntted  matter,  compounded  probably  of  a  double  carbonate 
of  lime  and  iron. 

Substituting  salt  water  for  distilled,  we  have  hydrated  car- 
bonate of  lead  in  small  plates. 

The  silicates  of  silver  and  copper,  as  well  as  the  aluminates, 
are  equally  decomposed  when  they  are  submitted  to  actions 
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analogous  to  those  used  in  the  preceding  experiments.     The 
effects  produced  could  not  be  foreseen  a  priori. 

Seventh  Experiment.  Silicate  of  copper,  distilled  water, 
and  a  plate  of  zinc,  were  disposed  of  as  before  in  a  tube  several 
centimetres  in  diameter,  and  closed  at  one  end.  The  whole 
of  the  plate  was  covered  in  a  short  time  with  small  tubercles 
of  a  well  grounded  blue  colour,  compounded  of  blue  carbonate 
of  copper  and  anhydrated  deutoxide ;  whilst  on  the  lower  part 
of  the  plate  were  deposited  copper  and  crystalline  grains 
of  carbonate  of  zinc  ;  the  silica  was  deposited  singly,  and  at 
the  same  time  hydrogen  gas  was  liberated  in  tolerable  abun- 
dance. 

These  reactions  could  not  be  foreseen,  because  they  resulted 
from  unknown  relations  existing  between  the  electric  effects 
produced  by  the  oxidation  of  the  zinc  and  the  aflBnities  of  the 
different  substances  which  are  present. 

In  reasoning  a  posteriori,  we  must  admit  first,  that  the 
silicate  of  copper  is  soluble  to  a  certain  extent  in  water  by 
means  of  the  carbonic  acid  in  the  air;  secondly,  that  this  acid 
under  the  influence  of  the  zinc,  exercises  a  repulsive  action  on 
the  silica  and  water,  whence  result  carbonate  of  anhydrated 
copper,  oxide  of  anhydrated  copper,  and  hydrated  silica. 
ThircQy,  that  in  this  case  water  is  d!ecomposed ;  fourthly,  that 
when  the  oxidation  of  the  zinc  increases,  the  carbonate  of 
copper  is  itself  decomposed,  the  oxide  is  insulated  or  reduced 
according  to  the  strength  of  the  current  j  fifthly,  that  the  oxide 
of  zinc  combining  equally  with  the  carbonic  acid  of  the  air, 
forms  crystalline  grains  of  carbonate  of  zinc. 

Substituting  lead  and  iron  for  the  zinc,  the  effects  are 
different:  the  silicate  of  copper  is  entirely  decomposed,  there 
is  an  immediate  reduction  of  the  oxide  of  copper  without  pro- 
ducing blue  carbonate.  We  scarcely  observe  from  one  time  to 
another  the  liberation  of  gas  bubbles. 

Eighth  Experiment.  The  silicate  of  silver  and  even  the  alu- 
minate  submitted  to  this  mode  of  experiment  with  the  le  ad,  were 
soon  completely  decomposed.  The  reduction  commenced  at  the 
part  in  contact  with  the  lead,  and  spread  over  the  whole  mass, 
which  at  the  end  of  some  weeks  was  only  a  metallic  powder, 
homogeneous  in  appearance.  Washing  this  powder  in  a  tube 
fiill  of  water,  it  was  not  separated  from  the  substance,  not 
having  the  same  density :  subjected  to  heat  by  a  sjolution  of 
potassa,  we  obtained  silicate  or  alumine  and  oxide  of  lead,  the 
silver  remaining  metallic. 

The  aluminates  probably  admit  of  the  same ;  we  have  only 
submitted  to  experiment  a  mixture  of  aluminate  and  silicate 
of  copper^  with  a  sa-turated  solution  of  marine  salt,  and  an 
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iron  plate.  The  two  salts  were  decomposed^  the  oxide  of 
copper  was  reduced,  and  there  were  deposited  on  the  side  of 
the  tube,  very  small  limpid  crystals  with  rectangular  feices, 
which  can  only  belong  to  a  silicate  or  subsilicate  of  alumine, 
such  as  the  disthene  of  Haiiy  which  has  for  a  primitive  form, 
an  oblique  quadrangular  prism  whose  longitudinal  faces  are 
rectangular. 

The  phosphates  and  insoluble  arseniates  of  easily  reducible 
metals  were  submitted  to  the  same  mode  of  experiment,  by 
employing  still  distilled  water,  as  a  medium  between  the 
metal  and  the  compounds.  The  following  are  some  examples 
of  this  kind  of  decomposition.  With  the  arseniate  of  silver,  or 
at  least  the  subarseniate,  distilled  water,  and  lead,  there  were 
deposited  on  this  latter  small  crystalline  plates  of  a  white 
pearly  arseniate  of  lead,  and  the  arseniate  of  silver  after  some 
weeks  was  transformed  into  metallic  silver ;  the  side  of  the 
tube  was  covered  with  dendrites  of  this  metal.  We  ought  to 
remark  that  the  liquor  being  acid  i»roves  that  a  portion  of 
arsenic  acid  was  liberated. 

Tenth  experiment.  With  the  subarseniate  of  silver,  dis- 
tilled water,  and  copper,  there  was  equally  a  decomposition  of 
metallic  salt,  reduction  of  the  oxide,  and  formation  of  acicu- 
lar  crystals  of  arseniate  of  copper  of  a  soft  green. 

Eleventh  experiment.  We  have  also  submitted  to  expe- 
riment the  chromate  of  silver  in  the  hope  of  forming  chromate 
of  lead,  like  that  of  Birisof,  as  we  have  abready  obtained  by 
other  processes ;  we  used  for  this  purpose  chromate  of  silver, 
distilled  water,  and  lead.  The  metallic  salt  was  not  slow  in 
being  decomposed.  There  were  deposited  on  the  lower  side 
of  the  glass  small  crystalline  plates  of  silver.  The  liberated 
chromic  acid  was  combined  with  the  oxide  of  lead,  produced 
by  the  reduction  of  iJie  oxide  of  silver,  and  there  resulted  at 
the  first  yellow  chromate  of  lead,  similar  to  that  which 
chemists  obtain  by  double  decompositions  ;  but  afterwards 
this  chromate  became  red  orange  like  that  in  nature,  and  it 
was  crystallized  in  needles.  This  change  is  analagous  to  that 
which  took  place  in  the  sixth  experiment  where  the  green  car- 
bonate of  copper  by  losing  its  water  became  blue ;  chromate 
of  copper,  water,  and  lead,  have  given  the  yellow  chromate  in 
needles,  proto-chloride  of  mercury  with  water,  and  the  copper 
of  the  crystals  of  double  chloride  of  copper  and  mercury,  and 
metallic  mercury. 

These  experiments  varied  in  a  thousand  ways,  gave  new 
and  unexpected  results,  which  cannot  fail  to  interest  the  che- 
mist and  geologist.  They  prove  also  that  insoluble  salts  with 
a  metallic  base,  can  be  decomposed  by  simple  voltaic  appa- 
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ratus  so  as  to  produce  combination,  some  of  which  cannot  be 
obtained  directly  by  means  of  chemistry. 

Twelfth  experiment.  We  may  operate  equally  on  inso- 
luble compounds  which  do  not  contain  metallic  oxides.  We 
will  take  for  example,  iodide  of  sulphur  which  allows  the  iodine 
to  be  disengaged  at  the  ordinary  temperature.  If  after  having 
ground  this  compound  into  very  attenuated  parts,  we  put  it  in 
a  tube  with  water  and  a  leaden  plate,  the  water  is  charged  by 
degrees  with  the  iodine  and  forms  crystals  of  iodide  of  lead 
which  visibly  extend ;  crystals  of  iodine  are  deposited  on  the 
lead  and  the  sulphur  is  imperceptibly  laid  bare. 

The  electric  effects  produced  by  the  reaction  of  the  iodine 
on  the  lead  assist  the  decomposition  of  the  iodide  of  sulphur. 

If  we  substitute  for  the  lead  a  tin  plate,  in  a  tube  of  small 
diameter,  the  decomposition  of  the  iodide  of  sulphur  seems  to 
proceed  more  rapidly.  In  the  space  of  24  hours  there  is  depo- 
sited on  the  plate  needles  of  periodide  of  tin  of  a  red  orange 
colour,  which  become  yellow  without  changing  their  form  on 
being  subjected  to  boiling  water. 

The  iodide  of  sulphur,  in  contact  with  the  copper  and 
water,  is  equally  decomposed  tolerably  quick,  there  is  a 
deposit  of  sulphur  and  formation  of  iodide  of  copper. 

In  another  memoir  we  will  examine  what  passes  in  the 
preceding  preparations  on  substituting  an  organic  substance 
void  of  oxygen  for  the  oxidable  metal.  This  fact  in  our 
opinion  may  serve  to  throw  considerable  light  on  the  natu- 
ral operations  which  take  place  in  organised  or  unorganised 
bodies. 

On  the  influence  of  surfaces  on  electro-chemical  action. 

It  has  long  been  known  that  if  a  saturated  solution  of  salt 
be  left  to  itself,  the  crystals  will  be  deposited  on  the  sides  of 
the  vessel  which  contains  them  in  preference  to  other  bodies 
which  may  be  there  and  particularly  the  edges.  The  force 
which  acts  in  this  case  seems  to  be  of  the  same  nature  as 
that  which  causes  capillary  attraction,  and  determines  in 
spongy  platinum  the  combination  of  the  hydrogen  and  oxy- 
gen at  the  ordinary  temperature,  a  property  belonging  not  to 
unoxidisable  metals  only,  but  to  all  bodies,  such  as  coals, 
pumice  stone,  porcelaine,  glass,  &c.,  whose  temperature  is 
sufficiently  raised.  The  state  of  the  surfaces  has  so  much 
influence  over  the  results,  that  we  find  a  very  notable  differ- 
ence in  the  quantities  of  water  formed  in  the  same  time  from 
fragments  of  glass  according  as  they  may  be  angular  or 
rounded.  In  general,  the  effects  are  as  much  more  marked  as 
the  bodies  have  cleaner  surfaces,  it  is  thus  that  the  platinum 
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plates  used  in  electro-chemical  decompositions  determine  the 
combination  of  the  two  gases^  their  surfaces  having  been 
cleaned  by  the  action  of  the  elements  transported  by  the 
currents.  It  is,  by  this  reason  also,  that  we  give  the  greatest 
power  to  platinum  by  first  subjecting  it  when  hot  to  caustic 
potassa,  then  to  sulphuric  acid,  and  washing  it  in  distilled 
water. 

Platinum  as  well  as  unoxidisable  metals  and  other  sub- 
stances, possesses  the  property  of  condensing  at  their  surfaces 
or  in  their  pores  when  they  are  spongy,  the  oxygen  and  other 
gases,  a  property  which  does  not  belong  to  bodies  that  com- 
bine  with  the  gases.  The  force  in  question  exercises  also  an 
influence  on  electro-chemical  phenomena. 

We  have  already  mentioned  some  examples  for  the  support 
of  this  assertion;  we  are  about  to  relate  some  others  which  will 
strengthen  it.  We  will  commence  by  giving  one  of  the  expe- 
riments in  which  we  have  studied  all  the  circumstances  of  the 
phenomena.  We  take  a  glass  tube  closed  at  one  end,  8  or  10 
centimetres  long  and  2  or  3  millimetres  in  diameter,  and 
place  therein  calcined  oxide  of  cobalt  reduced  to  a  very  fine 
powder,  a  silver  wire,  and  a  solution  of  hydro-chlorate  of 
chrome ;  we  then  close  the  upper  opening.  Fifteen  days 
after  we  begin  to  perceive  metallic  dendrites  on  the  side  of 
the  tube  proceeding  from  the  reduction  of  the  oxide  of  cobalt 
which  is  really  afiected  only  on  the  surface  of  the  glass.  This 
effect  equally  taking  place  without  the  presence  of  silver,  we 
must  conclude  that  the  action  exercised  by  the  side  is  the 
cause  of  the  reduction ;  whence  contrary  electricities  dis- 
engaged by  the  slow  reaction  of  the  oxide  of  cobalt  on  hydro- 
chlorate  of  chrome,  recombine  by  following  the  stratum  of 
the  liquid  which  adheres  to  the  side  of  the  tube ;  therefore 
this  side,  or  at  least  the  stratum  of  liquid  adhering  thereto, 
must  be  taken  for  the  negative  pole  of  a  voltaic  pair  whose 
positive  pole  is  the  hydro-chloric  acid.  It  is  thus  that  we 
view  the  effects  produced.  When  a  body  is  immersed  in  a 
liquid,  there  is  an  action  exercised  by  the  one  over  the  other, 
that  is  to  say  an  action  of  the  solid  on  the  liquid ;  we  have 
admitted,  and  this  supposition  is  justified  by  the  agreement 
of  the  results  of  calculation  with  those  of  experiment,  that 
this  action  by  reason  of  which  the  liquid  adheres  to  the  solid 
is  exercised  only  at  an  infinitely  smaU  distance  from  the  side. 
That  settled,  the  particles  of  the  excessively  small  liquid 
film  submitted  to  this  action,  must  not  be  in  the  same  state 
as  those  placed  at  a  certain  distance.  Whence,  we  may  say 
with  certainty,  that  the  electric  properties  of  this  film  must 
not  be  precisely  the  same  as  those  in  the  portion  of  the  liquid 
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not  submitted  to  tbe  capillary  force.  But  when  a  body  reacts 
on  a  solution,  both  in  contact  with  another  solution  incapable 
of  exerci3ing  on  it  a  chemical  action,  this  serves  to  constitute 
a  voltaic  pair ;  this  is  precisely  the  case. 

By  the  reaction  of  hydro-c^orate  of  chrome  on  oxide  of 
cobalt,  there  is  probably  formed  a  chloride  or  subchloride  of 
cobalt.  The  hydro-chlorate  takes  positive  electricity  and  the 
oxide  of  cobalt  negative :  these  two  electricities  recombine 
through  the  m^um  of  the  film  which  adheres  to  the  side,  so 
that  the  latter  constitutes  the  two  poles  of  a  small  voltaic 
pair ;  the  chloride  of  the  one  part  is  decomposed  and  the 
other  is  formed  into  hydro-chlorate  of  chrome. 

Some  examples  will  show  in  a  remarkable  manner  the  in- 
fluence of  surfaces  on  electro-chemical  phenomena. 

In  the  first  experiment  quoted,  we  put  in  the  bottom  of  a^ 
tube,  black  sulphuret  of  mercury,  a  saturated  solution  of  marine 
salt,  and  a  plate  of  copper ;  we  then  closed  the  tube ;  at  the. 
end  of  some  months  we  began  to  perceive  on  the  side  of  the 
tube  particles  of  mercury,  which,  so  increased  with  th«  time, 
that  in  six  years  they  were  about  two  millimetres  in  extent. 
They  then  formed  the  rudiments  of  regular  octa-hedrons;  on 
the  plate  above  the  sulphur,  were  formed  small  octahedrons  of 
mercury,  probably  combined  with  a  little  copper.  Here  the 
influence  of  surfaces  is  manifest,  since  the  decomposition  of 
the  sulphur  began  precisely  at  the  parts  in  contact  with  the 
glass.  Thus  the  capillary  action  had  sufficient  force  to  retain 
the  mercury  and  make  it  lose  its  liquid  state. 

In  a  tube  in  which  we  had  put  carbonate  of  copper,  cklo-^ 
ride  of  calcium,  and  an  iron  plate,  the  upper  part  of  this  plate, 
was  covered  with  metallic  copper,  the  carbonate  became 
black,  that  is  to  say  anhydrated,  and  the  part  adhering  to 
the  glass  was  reduced  in  the  form  of  dendrites. 

We  might  quote  many  other  examples  analagous  to  the 
preceding. 

All  the  experiments  related  in  this  memoir  are  of  much  in- 
terest in  the  study  of  slow  actions,  and  show  afresh  the  ad- 
vantages that  may  be  derived  from  the  electric  effects  produced . 
by  chemical  actions,  to  give  a  new  energy  to  these  actions  and 
even  to  create  them  anew  in  bodies  which  are  presents 
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IV.  On  the  two  electricities,  and  Professor  fVheatstone*s 
determination  of  the  velocity  of  electric  light,  by  W. 
Ettric,  Esq.  Read  before  the  British  Association,  for 
the  advancement  of  Sbience,  at  the  Liverpool  meeting, 
Sept.  11,1837.* 

In  a  paper  which  I  read  before  this  Association,  last  year, 
it  was  shown  that  the  electric  fluid  in  passing  through  a  piece 
of  card,  invariably  made  two  or  more  j|ioles,  or  one  of  an  elon- 
gated figure,  thereby  rendering  the  supposition  probable,  that 
two  or  more  electric  fluids  were  transmitted.  Since  that 
paper  was  written  I  have  observed  a  remarkable  fact  in  the 
spontaneous  discharges  of  some  electrical  jars,  which  tends  to 
confirm  what  was  then  stated.  I  believe  it  is  known  to  elec- 
tricians that  the  spontaneous  discharge  of  an  electrical  jar 
sometimes  leaves  upon  the  surface  of  the  glass  an  indelible 
mark,  but  I  am  not  aware  that  it  has  been  noticed  by  any 
electrician  that  such  lines  exhibit  any  appearances  indicating 
tile  passage  of  two  electricities,  which  I  am  persuaded  is  really 
the  case.  Upon  examining  the  marks  left  upon  these  jars, 
(speaking  of  the  jars  left  upon  the  table)  it  will  be  seen  that 
what  appears  at  a  distance  as  a  single  zig-zag  line,  is  really  two^ 
going  parallel  to  each  other,  whatever  be  their  distance ;  ex- 
cept in  two  instances  as  in  the  ca^e  of  jarsNos.  2  and  3,  where 
in  the  first  case  the  electric  discharges  approach  each  other, 
an  effect  evidently  caused  by  some  local  attraction,  such  as  an 
elevation  of  the  tin  foil,  or  a  conducting  substance,  as  damp 
air,  being  interposed.  In  the  jar  No.  3  an  evident  crossing  or 
passage  appears,  of  which  I  will  speak,  fiirther  on.  If  Nos.  1 
and  6  be  examined  it  will  be  seen  that,  however  near  the  two 
electric  discharges  are  to  each  other,  there  is  always  a  per- 
ceptible distance  between  them,  easily  distinguished  by  the 
eye,  as  shown  particularly  by  jar  No.  6.  It  is  also  very  re- 
markable that  however  near,  or  however  distant  these  lines 
may  be  from  each  other,  U  is  distinctly  seen  that  they  are 
nearly  parallel,  if  not  exactly  so,  if  we  except  the  entering  and 
emerging  points,  where  they  are  drawn  towards  each  other. 
It  is  extraordinary  how  ftdly  this  is  verified  in  all  the  four  jars 
shown  before  the  section,  for  by  examining  them  attentively 
it  will  be  seen,  that  whenever  one  side  acquires  a  bend,  the 
other  does  so  likewise ;  and  that  however  sharp  the  angle  or 
bend  may  be  in  one,  the  angle  or  bend  in  the  other  is  equally 
sharp;  and  in  a  single  discharge  there  may  be  twenty  or 

♦  Communicated  by  the  Author. 
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thirty,  or  even  fifty  such  bends,  half  of  them  being  in  the  in- 
side of  the  jar,  and  the  other  half  on  the  outside.  In  the  case 
of  No,  3,  spoken  of  before,  it  may  be  seen  in  the  most  distinct 
manner,  that  the  two  lines  or  discharges  actually  cross  each 
other  at  a  point  considerably  distant  from  the  coating  of  the 
jar,  shown  in  fig.  9,  Plate  II.  I  contend  that  we  here  behold 
the  passage  of  two  distinct  electricities,  and  not  of  one  only, 
as  might  be  argued  by  any  person  before  seeing  the  crossing 
lines  of  No.  3,  which  certainly  was  my  own  opinion  till  I  haa 
observed  those  lines.  But  from  that  time  I  freely  gave  up  what 
could  not  be  maintained  by  any  just  argument.  The  first  idea 
that  occurred  to  me  was  what  I  presume  would  have  occurred 
to  any  one  else,  namely,  that  it  was  caused  by  the  great  disper- 
sion of  the  electric  fluid  created  by  its  ownrepulsive  power  for 
the  similar  particles  of  electricity  or  electrified  air ;  but  that 
the  glass  was  not  discoloured  by  it  except  at  the  edges  where  it 
was  in  actual  contact  with  the  air  of  the  atmosphere,  by  which 
alone  the  discolouration  was  produced.  But  it  is  perfectly  ob- 
vious that  in  this  supposition  two  points  are  maintained,  which 
cannot  be  reconciled  to  each  other,  namely,  that  there  must  be 
the  internal  line  of  electrified  particles  of  air  so  as  to  obtain  the 
propulsion,  and  that  if  such  be  the  case  it  obliges  us  to  suppose 
that  the  whole  breadth  of  the  line  should  have  been  discoloured, 
which  on  strict  examination  will  not  be  found  to  be  the  case. 
The  outer  edges  of  each  line  on  two  of  the  jars  certainly  do 
g;ive  us  the  appearance  of  an  outward  propulsion,  for  the  lines 
on  those  sides  are  not  smooth  and  even,  but  rough  like  the 
edges  of  a  feather ;  but  as  this  i«  not  to  be  discovered  in  every 
jar,  it  seems  as  if  it  had  been  caused  by  some  accidental  cir- 
cumstance as  the  proximity  of  a  few  conducting  particles  of 
moist  air.  It  may  be  very  difficult  to  assign  a  reason  for  the 
difference  in  the  distances  of  the  lines  upon  the  jars,  for  they 
are  nearly  as  one  to  six  in  the  jars  1  and  6,  but  if  I  might 
hazard  an  opinion  on  the  subject,  I  would  say  that  the  thick- 
ness of  the  glass  had  something  to  do  with  it,*  for  I  find  that 
the  jar  No.  1,  which  has  the  widest  lines,  has  an  electrical 
capacity  of  19f .  The  jar  No.  4,  being  the  second  in  width, 
has  an  electrical  capacity  of  18.  The  jar  No.  3,  whose  lines 
are  next  in  width,  has  an  electrical  capacity  of  17^.     The  jar 

♦  The  most  obvious  explanation  appears  to  be,  that  the  distance 
between  the  lines  is  some  function  of  the  quantity  of  fluid  which  pro- 
duced them.  Ajar  which  has  much  tendency  to  discharge  spon- 
taneously, will  do  so  at  very  different  intensities,  according  to  cir- 
cumstances ;  the  principal  of  which,  when  the  jar  is  not  near  the 
conductor,  is  the  hygro  metric  state  of  the  glass  and  surrounding 
medium ;  and  the  boundaries  of  the  track  marked  on  the  glass,  are 
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No.  2,  em  electrical  capacity  of  16J  ;  and  the  jar  No.  6,  which 
has  its  lines  the  closest,  has  an  electrical  capacity  of  only  14 J. 
The  weights  of  these  jars  also  nearly  correspond  inversely  with 
their  electrical  capacities,  for  they  are  respectively  lib.  13Joz. 
lib.  15|oz. — 2lbs. — 21bs.  OJoz.and  21bs.  5oz.  with  their  coat- 
ings. There  is  an  appearance  in  the  electric  light  of  accumu- 
lated electric  discharges  that  does  not  appear  to  have  been 
particularly  noticed  by  electricians,  namely,  the  distinct  divi- 
sions into  which  it  is  divided.  It  is  a  very  old  remark  that 
the  light  appears  of  a  blueish  shade  at,  or  near,  the  surface  of 
the  positive  point,  and  I  am  not  certain  whether  it  has  also 
been  noticed  that  a  similar  appearance  may  be  remarked  at 
the  negative  point,  the  only  difference  being  the  actual  lengths 
of  such  blueish  spaces.  By  attentively  observing  the  spark 
I  found  that  the  middle  of  it  also  exhibits  a  similar  appearance 
generally,  though  not  always.  These  remarks  1  made  when 
the  spark  was  taken  in  an  exhausted  atmosphere,  as  well 
if  not  better  than  when  taken  in  the  common  air.  It 
was  particularly  noticed  two  years  since,  when  passing  the 
electric  light  through  the  long  double  legged  Torricellian 
Vacuum,  the  distance  between  the  two  surfaces  of  the  quick- 
silver being  not  less  than  eighteen  inches  or  two  feet.  The 
first  time  I  observed  it  in  the  Torricellian  Vacuum  was  when 
the  insulation  of  the  mercury  cup  at  the  lower  part  of  the  tube 
was  imperfect,  which  prevented  the  electricity  being  forced 
through  the  intervening  space,  when  it  appeared  that  although 
the  electric  fluid  could  nbtleap  the  interruption,  it  nevertheless 
passed  a  part  of  the  way,  and  that  from  both  ends  at  the 
same  time,  evidently  showing  the  two  electricities  going,  or 
attempting  to  go  from  the  two  ends  at  the  same  moment. 
Now  in  the  Torricellian  Vacuum,  and  in  the  discharge  through 
the  open  air,  there  appeared  to  be  a  considerable  difference  in 
the  length  of  the  luminous  portion  within  the  tube,  that  at  the 
positive  end  being  twice  the  length  of  that  at  the  negative  one. 
The  remark  was  made  by  me  some  years  since  but  was  then 
overlooked,  having  been  considered  as  an  ocular  deception. 
This  experiment,  together  with  one  which  will  be  spoken  of 
further  on,  I  contend  show  that  the  different  appearances  upon 
the  points  of  wires  electrified  positively  and  negatively,  con- 
sists in  the  passage  of  currents  in  opposite  directions  at  the 
same  moment ;  for  else  how  are  we  to  account  for  the  electrical 

more  or  less  distant  from  each  other,  as  the  discharge  takes  place 
from  a  higher  or  lower  intensity ;  and  consequently  from  the  pas- 
sage of  a  greater  or  smaller  quantity  of  fluid;  which  facts  are  in 
stnct  accordance  with  those  which  Mr.  Ettric  has  observed  with 
different  jars.    Enrr. 
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appearance  at  the  negative  pole  when  none  could  be  supposed 
to  have  p£tssed ;  for  had  it  done  so,  the  gradual  wearing  away 
of  the  intensity  of  the  electric  light  would  have  appeared  from 
one  end  only  towards  the  centre,  or  rather  negative  end.  I 
have  observed  an  appearance  in  the  centre  of  the  spark,  given 
by  a  jar  of  about  a  square  foot  area,  which  indicates  that  the 
same  action  is  going  on  in  the  central  portion  of  the  spark  as 
at  its  ends.  I  may  mention  that  this  am)earance  is  best  seen 
in  an  exhausted  atmosphere,  and  that  I  never  observed  the 
appearance  at  one  end  and  the  middle.  I  do  not  pretend  to 
show  how  this  alteration  of  colour  and  intensity  in  the  spark 
is  produced,  that  involving  the  question  as  to  the  true  nature 
of  electrical  appearances,  of  which  nothing  at  present  is  known, 
though  we  have  every  reason  to  presume  that  we  shall  shortly  be 
enabled  to  do  so  from  the  splendid  experiments  now  in  pro- 
gress by  that  truly  ingenious  gentleman.  Professor  Wheatstone. 
A  very  strong  argument  has  always  been  held  against  the 
supposition  of  there  being  two  electricities,  from  the  appear- 
ances presented  by  sharp  points  giving  off  the  electric  fluid. 
To  me  these  appearances  seemed  to  prove  the  contrary,  if 
they  indicated  any  thing  at  all ;  but  however  this  may  be, 
it  will  be  seen  that  those  appearances  are  very  much  altered 
by  placing  the  point  in  a  glass  tube  having  its  end  drawn 
out  to  a  fine  point.  It  will  in  such  case  be  observed  that 
the  star-like  appearance  is  wholly  done  away  with,  and 
a  brush  of  light  similar  to  the  positive  one  is  produced,  though 
only  about  half  the  length  and  consequently  half  the  breadth. 
Though  we  may  point  out  experiment  after  experiment 
which  tend  to  show  that  this  or  that  theory  is  correct,  never- 
theless we  will  never  be  able  to  arrive  at  any  definite  conclu- 
sion so  long  as  an  experiment  admits  of  a  double  solution. 
It  therefore  appeared  to  me  many  years  since,  that  the  ques- 
tion of  one  or  two  electricities  would  never  be  set  at  rest  till 
the  actual  time  of  the  passage  of  the  electric  fiuid  (if  I  may  be 
allowed  to  call  it  so)  could  be  discovered.  After  the  splendid 
discovery  of  the  eminent  gentleman  of  whom  I  have  just 
spoken,  it  was  obvious  that  at  least  we  would  be  enabled  to  set 
the  old  question  at  rest  respectinff  the  passage  or  action  of  elec- 
tricity from  one  or  both  ends  of  the  circuit,  if  we  could  not  even 
do  so  for  the  actual  velocity:  Since  that  discovery  it  always 
appeared  to  me  to  be  a  cause  of  regret  that  the  Professor  did 
not  succeed  in  discovering  the  direct  method  of  exhibiting  it, 
and  that  he  was  thereby  obliged  to  have  recourse  to  what  I 
would  term  a  secondary  one,  the  method  by  reflection,  which 
has  given  the  opponents  an  opportunity  of  disputing  the  accu- 
racy of  the  result,  and  that  not  without  reason.     I  see  one 
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8ouTce  of  error,  namely,  the  irregularity  of  the  figure  of  the 
mirror,  which  I  am  not  aware  has  been  mentioned  as  a  possible 
source  of  error,  and  one  which  would  not  probably  be  dis- 
covered by  the  reversion  of  the  revolution.  I  could  readily 
show  that  what  is  termed  a  plane  mirror,  is  in  fact  only  a  sur- 
face of  some  regular  or  irregular  figure,  not  a  mathematical 
plane,  which  is  the  thing  required.  The  nearest  approach  to 
such  plane,  which  the  hand  of  man  can  obtain,  is  a  segment 
of  a  sphere  of  a  very  long  focus,  and  I  think  that  I  may  state 
with  confidence  that  with  a  mirror  one  inch  diameter,  the 
longest  focus  ever  obtained  with  certainty  was  by  myself  with 
an  improved  method  of  working,  by  which  I  could  procure  it 
of  400  or  500  feet  j  but  this  is  insuflScient  for  obtaining  any 
perfect  result  when  such  minute  quantities  are  to  be  shown  as 
the  duration  of  the  passage  of  electric  light.  Moreover  with 
the  mirror  we  do  not  possess  any  scale  by  which  the  quantity 
can  be  accurately  measured,  it  being  merely  estimatea  by  the 
eye,  which  is  a  very  uncertain  method,  on  account  of  the  dis- 
tance and  want  of  sufficient  time  to  compare  the  quantity^  but 
more  especially  by  the  sudden  start  which  the  eye  receives 
from  the  flash  of  Ught.  It  is  also  well  known  that  the  measures 
of  luminous  objects  are  very  different  according  to  the  ground 
or  light  upon  which  they  are  viewed.  It  is  therefore  not  to 
be  wondered  at  that  the  measures  by  the  mirror  should  have 
been  so  different  by  different  observers.  I  therefore  think 
that  the  section  wiU  see  the  necessity  there  was  of  devising 
some  method  of  showing,  by  a  direct  method,  the  accuracy  of 
the  results  as  given  by  the  mirror,  and  I  am  sure  that  Pro- 
fessor Wheatstone  will  not  only  pardon  me  for  stepping  into 
his  path,  but  rejoice  to  find  that  it  has  been  in  my  power  to 
assist  him  in  proving,  in  some  degree,  the  accuracy  of  his  results, 
and  hope  to  be  enabled  to  jwrove  the  remainder  when  the  ma- 
chine shall  have  been  improved  by  his  kind  suggestions. 

The  instrument  consists  of  an  axis  or  spindle  moving  on  two 
points  A  and  B  fixed  steel  in  a  strong  cast  metal  frame,  figs. 
10  and  11.  This  axis  is  not  formed  of  one  straight  circular 
rod,  but  has  a  square  frame  E  F  G  H,  in  its  centre.  In  this 
frame  two  arms  or  hollow  metallic  tubes  CM,  D  L,  are  sol- 
dered, into  which  glass  insulating  tubes,  C  R,  D  S,  are  secured 
by  screws  and  cement.  The  ends  of  these  glass  tubes  project 
half  an  inch  beyond  the  metal  at  each  end  as  shown  by  R  and^ 
S.  A  copper  wire  is  passed  through  each  glass  tube  and  filed  ^ 
off  level  with  the  ends  of  them  at  C  and  D ;  the  other  ends 
are  left  rather  long,  so  as  to  pass  from  them  to  the  axis  of  the 
shaft,  the  one  wire  being  connected  with  the  upper,  and  the  other 
with  the  lower  axis,  which,  by  wires  P  Q,  T  U,  fig.  10  twisted 
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round  the  glass  rods  P  T,  Q  U,  fixed  in  the  iron  rod  8, 10,  are 
made  to  communicate  with  the  long  coils  of  copper  wire.  This 
revolving  electrometer  is  allowed  to  pass  close  to  three  glass 
tubes  Z  and  X  Y,  having  wires  within  them  reaching  to  their 
points,  two  of  these  points  being  placed  at  one  end  of  the  cast 
iron  frame,  and  the  third  at  the  opposite  end,  directly  opposed 
to  one  of  them  as  X  through  the  line  of  the  centre.  The  two 
points  X  Y  are  made  adjustable  so  as  to  increase  or  decrease 
the  distance  between  them.  The  greatest  distance  at  which 
they  can  be  placed  is  about  half  an  inch,  and  the  nearest  one- 
tenth  of  an  inch.  The  electrometer  is  revolved  with  as  great 
rapidity  as  possible  by  the  wheel  W,  a  strap  passing  over  it, 
and  a  larger  one  driven  by  a  train  of  multiplying  wheels,  part 
of  which  are  shown  at  fig.  10.  The  velocity  of  the  electrom- 
eter being  to  the  velocity  of  the  moving  power,  as  2800  to  1. 
The  moving  power  consisted  of  the  joint  efforts  of  eight  men 
acting  upon  levers  six  feet  long,  by  which  I  was  enabled  to 
obtain  a  velocity  of  90  revolutions  in  a  second  of  time.  The 
arms  of  the  electrometer  are  9  inches,  making  the  diameter  18 
inches  from  point  to  point,  and  circumference  of  revolution 
56*55  inches. 

If  the  points  be  then  placed  at  half  an  inch  distance,  and 
the  electrometer  be  revolved  at  the  rate  of  80  times  in  a  se- 
cond, the  instrument  will  show  the  4524  x  2zr904Sth.  part  of 
a  second  of  time  for  the  passage  of  the  point  D  from  the 
point  X  to  the  point  Y;  and  the  45:^40th  part  of  a  second 
when  only  one  tenth  of  an  inch.  I'he  action  of  the  machine 
is  thus : — Let  O  fig.  1 1  represent  the  internal  andexternal  coat- 
ings of  a  Leyden  jar,  and  O  Z  a  wire  from  the  internally  charg- 
ed coatings.  A  discharge  will  pass  through  the  wire  C  M  (which 
is  insulated  by  the  glass  tube)  along  G  to  K,  1,  2,  where 
it  enters  the  long  coil  of  wire  2,  6,  3,  one-60th  of  an  inch 
diameter,  and,  after  passing  through  it,  leaves  at  3,  going  on 
to  the  point  X,  where  it  leaps  the  interruption,  then  goes 
through  the  wire  D,  L,  F,  I,  entering  the  other  coil  at  4, 
and  going  out  of  it  at  5,  to  the  outside  of  the  jar.  If  we 
now  suppose  the  electrometer  to  be  put  in  rapid  motion  and 
the  electricity  be  then  passed,  as  here  shown,  it  is  obvious 
that  the  point  D  will  not  be  opposite  the  point  X  when  the 
electricity  arrives  at  it,  provided  it  takes  any  sensible  time  to 
travel  through  the  wire;  but  will,  if  the  velocity  of  the  machine 
is  sufficient,  be  opposite  the  point  Y.  Therefore  knowing  the 
speed  of  the  electrometer,  the  distance  of  the  points,  and  the 
length  of  the  coil  of  wire,  we  can  readily  obtain  the  velocity 
and  direction  of  the  electric  fluid. 

The  wire  was  of  that  kind  called  No.  27  of  the  wire  gage. 
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^hich  I  find  is  the  l-60th  of  an  inch  diameter,  and  was  well 
insulated  by  14  J  stout  glass  rods,  12  inches  long.  It  was 
5850  yards  long,  or  nearly  three  miles  and  a  third,  and  was 
divided  into  two  equal  portions,  of  rather  more  than  a  mile 
and  a  half  each,  placed  on  opposite  sides  of  a  room  thirty  feet 
and  five  inches  long,  the  lengths  of  wire  being  so  placed  as  to 
lie  in  flats,  no  one  coming  within  one  inch  of  its  neighbouring 
length.  The  method  of  fixing  the  wire  upon  the  glass  rods 
is  shown  in  fig.  12,  a  6,  c  rf,  two  deal  boards  placed  upright 
at  the  distance  of  thirty  feet  five  inches.  They  have  eigh- 
teen holes  each,  for  fixing  the  glass  rods  e/yj  k,  gh,  Im. 
In  the  drawing,  only  two  glass  rods  are  shown,  but  it  is  obvious 
that  the  others  are  fixed  below  them  so  as  to  form  a  succession 
of  flats  for  carrying  the  wire  upon.  The  glass  rods  are  made 
of  bottle  glass,  13  inches  long,  and  one  inch  and  three  eighths 
diameter,  which  is  the  nearest  distance  the  wires  approach 
each  other.  The  middle  of  the  wires  are  kept  up  by  light 
cross  glass  rods  suspended  by  string;  consequently  there  are 
144  slsLSS  rods. 

When  the  electrometer  revolved  at  the  rate  of  eighty  times 
in  a  second,  the  points  being  half  an  inch  apart,  the  electric 
discharge  invariably  struck  the  point  or  wire  directly  opposite 
the  entering  one,  whether  the  three  miles  of  wire  were  used  as 
one  coil,  or  as  divided  into  two  equal  portions,  the  four  ends 
being  connected  with  the  electrometer  as  shown  in  fig.  11. 
Nevertheless,  an  obvious  lateral  deflection  of  the  spark  was 
perceived  when  divided,  though  it  was  not  noticed  when  the 
wire  was  used  as  one  length,  and  this  was  first  noticed  by  a 
gentleman  who  came  to  assist  me.*     Upon  repeated  observa- 

♦  For  the  sake  of  those  readers  who  are  not  conversant  with  this 
part  of  electricity,  we  will  give  a  few  words  of  explanation,  showing* 
the  use  of  dividing  the  coil  of  wire.  It  was  shown  by  Dr  Watson 
and  the  other  philosophers  who  made  experiments  in  1747  in  order 
to  discover  the  velocity  of  electricity  by  passing  the  fluid  through 
two  or  three  miles  of  wire,  insulated  by  dry  sticks  set  up  on  Houn* 
slow  Heath,  that  if  they  could  perceive  any  perceptible  time  in  the 
passage  of  me  electric  fluid,  they  would  be  enabled  to  settle  the 
question  of  one  or  two  fluids ;  for  it  was  shown  that  if  of  one  only, 
and  the  electricity  started  at  one  end  as  from  the  inside  of  the  jar,  to 
go  to  the  other  end  or  outside  of  the  jar,  the  first  spark  would  of 
course  be  seen  at  the  end  connected  with  the  inside  of  the  jar,  and 
the  last  one  with  the  one  connected  with  the  outside.  But  the  case 
would  be  very  different  if  it  consisted  of  two  fluids,  for  then  the  pos- 
itive electricity  would  start  from  the  inside  of  the  jar  at  the  very 
same  instant  that  the  negative  electricity  started  from  the  outside  of 
the  jar,  and  the  two,  aner  travelling  through  half  the  length  of 
tbe  wire,  would  meet  in  the  middle  of  the  length  of  the  wire; 
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tion  he  declared  that  its  length  was  one-eighth  of  an  inch^  but 
to  my  eye  it  did  not  appear  to  be  more  than  one-tenth  of  an 
inch,  if  so  much.  The  angle  which  it  formed  with  the  wires 
being  about  45  degrees^  as  near  as  the  eye  could  judge^ 
and  lay  from  the  stationary  X  to  the  revolving  point  D,  whea 
D  was  situated  between  X  and  Y  or  the  way  the  electrometer 
was  revolving.* 

Having  faJed  in  causing  the  electricity  to  strike  the 
point  Y  when  placed  at  the  distance  of  half  an  inch  from  the 
point  X,  these  two  points  were  then  placed  nearer  each  other, 
the  distance  being  only  one-tenth  of  an  inch,  when  I  found 
that  the  discharge  invariably  struck  the  second  point  or  Y  ; 
consequently,  the  velocity  by  such  observation  does  not  exceed 
118752  miles  in  a  second  of  time,  for  18  inchesx3*1416=i 

and  if  the  wire  was  divided  in  that  place  into  two  parts,  a 
spark  would  be  visible,  and  if  the  electric  fluid  took  any  time  to 
travel  through  the  conductors,  the  spark  must  necessarily  be  later  in 
the  middle  tnan  at  the  two  ends ;  consequently,  as  the  lateral  de- 
flection of  the  spark,  caused  by  Uie  time  required  for  the  electricity 
to  pass  through  the  wire,  was  only  perceived  when  the  coil  waa 
divided,  it  appears  that  the  electricity  consists  of  two  electric  fluids, 
and  not  one,  which  is  the  result  at  which  Professor  Wheatstone 
arrived.  For  the  purpose  of  usin^  the  coil  as  one  length,  the  con- 
nexions of  the  ends  of  the  wire  with  the  electrometer  and  jar,  were 
difierentfrom  those  given  in  the  plate.  The  end  5  of  the  coil  was 
connected  with  the  wire  Ror  inside  of  the  jar  (a  Lane's  discharging 
electrometer  beinff  inserted  between  the  coil  and  inside  of  the  jar  at 
O,  as  was  done  when  the  coil  was  divided),  and  the  ends  2  and  4 
joined  together,  and  the  end  3  connected  with  the  points  as  shown 
in  the  plate,  a  wire  being  taken  from  I  to  the  outsiae  of  the  jar. 

^  By  taking  the  length  of  the  spark  1-lOth  of  an  inch,  as  the 
measuring  unit  of  space  m  the  circle  of  revolution ;  we  have  56*5488 
X80X  10—45^3  9th  of  a  second,  for  the  time  occupied  duriafif  the 
transit  of  the  point  D  over  the  unit  of  space ;  and  consequently  for 
the  transmission  of  the  fluid  through  tne  whole  circuit.  1^  miles. 
Hence  45239Xl*5zi67858*5  miles  per  second  would  be  tne  velocity. 

But  a  still  nearer  approximation  to  the  true  velocity,  would  be 
obtained  by  assuming  the  perpendicular  of  a  right  angfled  triangle 
(whose  base  is  the  nearest  distance  between  the  points  D  and  X, 
when  the  former  is  passing  the  latter,  and  whose  hypothenuse  is  the 
length  of  the  spark),  as  the  measuring  unit.  Then,  if  c  represent 
the  circle  of  revolution  in  inches,  r  me  revolutions  of  the  point  D 
in  one  second^  p  the  perpendicular  of  the  triangle,  and  /  the  length 
of  the  circuit  in  miles ;  we  shall  have  crp  fcV  the  velocity. 

In  the  experiment  described  in  the  text,  if  we  assume  tne  spark 
as  1-lOth  or  an  inch  long,  and  that  it  inclined  45°  towards  the  oase 
of  the  triangle ;  that  base  would  be=P=l-14th  of  an  inch  nearly, 
and  56*5488X80X  14X  1-5=95002  miles  per  second  for  the  velocity* 
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56-5488,  which  multiplied  by  10,  because  the  points  were  the 
tenthi  part  of  an  inch  asunder^  gives  565*4880;  and  thismul- 
tipliedby  2  for  half  the  distance  of  the  points,*  gives  1 130*9760; 
which  multiplied  by  70,  the  number  of  revolutions  made  by 
the  electrometer,  gives  79168*32;  and  this  multiplied  by  IJ, 
for  the  length  of  the  wire,  gives  118752  miles  for  the  velocity 
of  the  electricity  in  a  second  of  time.     It  is  to  be  regretted 
that  the  propelling  apparatus,  from  being  made  too  weak,  did 
not  stand  long  enough  to  repeat  this  experiment  more  than 
twice  or  thrice,  neither  did  it  allow  me  an  opportunity  of  ob- 
serving what  went  on  at  the  point  C,  namely,  whether  the 
electric  fluid  struck  it  before  or  after  the  direct  passage  at  Z  ; 
but  we  may  fairly  presume  that  it  took  the  points,  or  before 
C  came  up  to  Z,  which  point  has  always  been  granted  to  me, 
and  if  so,  the  objection  which  has  been  raised  against  the  ma- 
chine, that  it  is  wholly  influenced  by  the  sparking  distance, 
is  untenable ;  for  then,  and  in  such  case,  the  electricity  would 
strike  the  point  X,  and  not  the  point  Y,  which  is  contrary  to 
the  fact,  and  therefore  the  machine  is  influenced  by  the  time 
required  for  the  electricity  to  pass  through  the  wire.     For  the 
more  accurately  observing  the  sparks  at  Z  and  X  Y,  holes 
were  drilled  in  the  upper  part  of  the  cast  iron  frame  directly 
above  these  places,  so  that  the  eye  might  not  observe  them  at 
an  angle.  The  electrometer  was  driven  by  a  wide  leather  strap, 
rubb^  well  with  rosin  to  make  it  hold  well  on  the  wheel, 
which  is  preferable  to  a  band.     The  instrument  was  not  pro- 
vided with  an  apparatus  to  reckon  the  velocity  (though  con- 
structed for  one),  but  as  the  other  wheels  were  all  cogged  ones, 
and  there  was  no  reason  to  suppose  that  the  band  slipped  in 
the  least,  the  velocity  given  may  be  depended  upon.    The  jar 
used  was  small,  being  only  10  inches  high,  and  coated  to  7 
inches  from  the  top;  the  diameter  5i  inches.     I  have  spoken 
of  the  electrical  capacity  of  the  jar  which  will  probably  not  be 
understood  by  general  readers  without  some  explanation.     It 
was  very  early  discovered  by  electricians  that  of  two  Leyden 
jars  of  equal  dimensions,  the  powers  of  them  were  not  equal, 
but  that  one  would  melt  twice  the  quantity  of  wire,  or  give 
twice  the  shock  that  another  would,  when  both  were  appa-- 
rently  charged  to  the  same  extent.     It  was  soon  found  that  it 
depended  upon  the  thickness  of  the  glass,  and  that  the  thinnest 

*  It  very  naturally  will  be  asked  by  the  reader  why  "  multiply 
by  2  for  half  the  distance  of  the  points?"  To  this  we  would  answer, 
that  as  the  electric  fluid  invariably  strikes* the  nearest  of  two  equally 
long  and  good  conductors,  the  electrie  fluid  in  striking  the  point  Y 
would  do  so  when  the  point  D  had  passed  somewhat  more  than 
half  way  between  the  points  X  and  Y. 
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glass  took  the  greatest  charge^  and  it  has  since  been  shown 
that  the  quantity  of  electric  fluids  taken  in  by  equal  sized  jars^ 
is  inversely  as  the  thickness.  It  is  the  quantity  of  electric  fluid 
retained  by  the  jar  that  gives  its  electrical  capacity. 

Remarks  on  the  above  paper,  tvhich  have  occurred  since 
the  reading  of  it. 

I  was  asked  by  a  gentleman  at  Liverpool  whether  the  Leyden 
jars  were  invariably  marked  by  the  passage  of  the  fluid  from 
one  side  to  the  other,  and  whether  they  had  double  lines.  In 
answer  I  stated  that  five  out  of  eight  jars  belonging  to  my 
battery  were  so  marked,  and  that  four  of  them  were  placed 
upon  the  table  of  the  physical  section,  but  that  I  had  not  ob- 
served it  upon  the  surface  of  any  other  glass,  except  a  very 
large  and  thick  jar,  which  was  borrowed  where  a  great 
number  of  discharges  had  passed  over  and  marked  the 
surface,  but  that  from  being  so  close,  the  separation  of  the 
lines  could  scarcely  be  distinguished.  Since  that  time  I  have 
made  a  few  experiments  in  order  to  discover  the  cause  of  the 
lines  upon  the  glass  and  their  variable  distances. 

The  jar  marked  No.  8  was  exploded  over  the  edge,  and  two 
zig-zag  parallel  lines  were  obtained  at  a  considerable  distance 
from  each  other,  indeed  the  distance  between  them  appears  as 
great  as  between  any  of  those  before  mentioned.  The  electrical 
capacity  of  this  jar  is  20J,  and  its  weight  lib.  14oz.  No.  7 
was  then  exploded  over  the  edge,  and  the  jar  was  marked,  but 
very  differently  from  any  of  the  rest,  for  the  spark  divided  itself 
as  shown  at  fig.  13,  Plate  III.*  A,  being  theinside  branch  and  B 
the  outside  one.  The  lines  are  evidently  double  along  the  whole 
length,  but  at  A  and  B  the  distance  between  them  is  very  great, 
being  greater  than  on  any  of  the  jars.  It  is  very  singular  that  in 
dividing  on  one  side,  the  electric  fluid  should  have  divided  on 
the  other  also.  It  is  likewise  curious  that  the  lines  should  still 
be  double  when  divided,  which  I  take  to  be  a  further  proof  of 
the  passage  of  the  two  electricities.  Though  the  eye  cannot 
distinguish  a  division  throughout  the  whole  length,  nevertheless 
I  think  that  we  are  allowed  to  infer  it  from  the  circumstance 
of  its  being  visible  through  a  part  of  the  circuit.  It  will  be  asked 
by  some,  now  comes  it  to  pass,  that  of  two  electricities  starting 
at  the  same  time  from  the  two  ends  of  the  circuit,  and  going 
in  opposite  directions,  they  should  take  the  same  line  (how- 
ever zig-zag)  that  the  other  electricity  did?  And  secondly, 
why  they  should  keep  parallel,  and  not  cross  or  nearly  touch 

*  This  figure^  and  also  figure  9,  are  the  exact  size  of  the  origi- 
nal lines  on  the  jars :  but  too  large  for  both  to  appear  in  Plate  II. 
Edit. 
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eizch  other  in  some  parts  of  the  circuit  ?  In  answer  to  the 
first  question  I  would  say,  that  as  the  velocity  of  the  electric 
fluid  is  infinitely  greater  than  the  velocity  of  any  ponderable 
body  known ;  if  an  opening  or  road  is  made  by  one  discharge, 
the  one  coming  after  it  will  take  that  route  in  preference  to 
B.nj  other,  which  it  would  be  obliged  to  make  for  itself.  Now 
it  IS  well  known  that  the  air  is  a  resisting  medium,  and  if  any 
proof  were  wanting  of  it,  I  might  mention  that  in  these  spon- 
taneous electrical  discharges,  the  electric  fluid  (except  in  one 
instance)  took  the  circuit  of  the  glass  along  the  turned  over 
lip  of  the  mr,  in  preference  to  the  much  nearer  circuit  through 
the  air.  Therefore,  as  soon  as  an  opening  has  been  made  by 
one  of  the  electricities,  the  other  takes  that  instead  of  forcing 
one  for  itself,  being  in  that  light  a  conductor  of  electricity, 
and  of  two  equally  long  conductors,  electricity  invariably 
takes  that  where  it  finds  the  least  resistance.  As  to  the 
second  question,  why  the  electricities  should  keep  parallel  and 
not  touch  each  other,  I  am  not  prepared  at  present  with  an 
answer,  but  it  appears  to  me  to  stand  on  the  same  footing  as 
the  great  electro-dynamical  principle,  on  which  subject  I  am 
preparing  a  paper,  and  it  would  be  trespassing  too  much  upon 
it  to  say  any  thing  fiirther  on  the  subject  at  present.  The  jar 
No.  5  was  then  exploded  over  the  edge,  but  no  mark  was  feft 
upon  it.  It  was  exploded  a  second  time  with  the  same  success. 
On  examining  the  jar  to  ascertain  the  cause,  I  perceived  that 
it  was  the  new  jar  procured  at  the  glass  house  in  this  place  to 
replace  one  that  was  broken.  Consequently,  it  appeared  that 
it  is  not  all  kinds  of  glass  that  will  mark  with  the  electric  fluid, 
and  to  discover  to  what  it  is  due  I  took  a  large  broken  drug- 
gist's bottle,  and  caused  the  electricity  to  be  exploded  over 
the  edge  twice  or  thrice,  by  placing  a  wire  on  each  side  of  the 
glass,  close  to  it,  but  no  mark  was  left  upon  the  glass.  But 
supposing  that  the  failure  might  be  attributed  to  the  want  of 
actual  contact  between  the  glass  and  the  metal  wire,  I  took 
two  pointed  slips  of  tinfoil,  and  fixed  them  on  the  opposite 
sides  of  the  glass  by  varnish,  at  the  distance  of  an  inch  and  a 
half  from  the  edge  and  exploded,  when  a  mark  was  left  and 
the  line  was  double  both  inside  and  outside,  and  they  were 
parallel  as  usual.  A  common  tumbler  was  then  tried,  and 
marks  were  left  by  the  discharge.  Afterwards  a  piece  of 
crown  or  window  glass  was  tried  by  the  slips  of  tin  foil,  but  I 
found  it  impossible  to  stain  it  by  the  fluid.  It  is  therefore 
certain  that  the  mark  is  caused  by  the  glass  and  not  the  air, 
and  is  doubtless  by  a  decomposition  of  the  substance  of  the 
glass,  and  possibly  in  the  flint  glass  by  the  reduction  of  this 
lead  contained  in  it. 
High  Barnes,  Sunderland, 
VOL.  II.— Ab.  7,  January,  1S38.  D 
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V.  Letter  to  the  Editor  of  the  Annals  of  Electricity ^ 
Magnetism^  Chemistry^  8fC.,  from  J.  P.  Simon,  M.  /)., 
Mem.  Royal  College  of  Surgeons ^  London ;  Professor 
ofJVat.PhiL.Sfc.  8fc. 

Sir, 
I  am  truly  sorry  that,  owing  to  unforeseen  engagements,  it 
has  been  absolutely  out  of  my  power  to  send  you  the  com- 
munication on  (as  far  as  my  practical  observations  enabled  me 
to  judge)  the  non-identity  of  Magnetism  and  Common 
Electricity  ;  which,  as  I  had  the  pleasure  of  expressing  to 
you,  I  wished  so  much  to  have  inserted  in  your  valuable 
scientific  periodical.  The  idea  with  me  is  not  of  recent  date, 
for  it  was  about  March,  1834,  that  I  was  led  to  a  series  of 
experiments  which  I  established  for  the  purpose  of  investigat- 
ing whether  the  magnetic  and  electric  fluids  were  to  be,  or 
could  be,  considered  as  ^^  identical, ^^  The  first  idea  that 
struck  me  was  the  permanent  situation  which  the  com- 
mon mariner's  compass  takes,  and  faithfully  retains,  unless 
some  mechanical  cause  comes  either  to  destroy  or  reverse  its 
polarity.  Can  it  be  possible,  I  considered,  that  this  mag- 
netic needle  is  thus  pointing  to  the  north  and  south  by  a  con- 
stant and  undisturbed  stream  of  electricity,  and  that  magnetism 
and  electricity  are  to  be  considered  as  one  and  the  same  iden- 
tical fluid  ?  Of  the  various  facts  which  came  under  my  observa- 
tion I  found  most  of  them  to  be  in  favour  of  my  objection,  and 
not  to  admit  of  the  identity  of  the  two  fluids.  The  following 
are  the  most  striking,  and  to  me,  satisfactory.  First,  I  observed 
that  the  magnetic  fluid  was  not  in  most  of  them  the  least  im- 
peded by  the  presence  of  glass,  which,  (as  well  as  all  other 
known  substances)  it  pervades  with  the  greatest  fecility, 
and  without,  in  the  least,  diminishing  its  intensity  or  power. 
I  directed  the  magnetic  stream  from  straight  bars  right  through 
flat  pieces  of  iron,  holding  the  plate  of  iron  in  my  left  hand 
and  the  magnetic  bar  in  my  right,  so  that,  had  it  been,  com- 
mon electricity,  I  should  have  expected  that  it  would  have 
been  conducted  down  from  my  right  to  my  left  side,  and, 
consequently,  unable  to  penetrate  the  iron  wall,  and  thence 
perforate  another  wall  of  glass,  and  act  powerftdly  on  a  freely 
suspended  needle  under  the  large  glass  receiver.  I  found 
that,  on  suspending  a  lady's  steel  busk  by  a  delicate  silk 
thread,  it  soon  placed  itself  in  the  magnetic  meridian  and 

r minted  permanently  to  the  north  and  south,  (similar  results 
believe  have  been  observed  by  others,  I  mention  it  only 
as  it  is  strongly  in  favour  of  my  theory,)  and  that  polarity 
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was  solely  communicated  to  it  by  the  influence  of  terrestrial 
magnetism.  It  is,  I  believe,  a  pretty  well  known  fact  that 
flame  or  the  flames  of  candles  will  tend  to,  and  do,  disperse 
the  electric  fluid  and  prevent  its  accumulation ;  now  mag- 
netism can  easily  be  induced  into  horse-shoe  or  bar  magnets, 
by  the  usual  means,  (so  satisfiujtorily  described  in  your  valu- 
ableAnnals  of  Science;*)  although  the  table  on  which  the  expe- 
riment is  performed  be  filled  with  candle  lights.  If  magnetism 
be  the  common  electric  fluid,  the  latter  must  then  completely 
change  its  nature  in  order  to  accommodate  itself  to  this  new 
mode  of  fixing  it  into  masses  of  steel  which  otherwise  would 
answer  only  as  an  excellent  conducting  medium.  The  magnetic 
density,  or  intensity,  once  infused  into  sets  of  bars  or  compound 
artificial  horse-shoe  magnets,  is  not  in  the  slightest  aegree 
affected  by  the  state  of  the  atmosphere,  and  if  I  touch  with 
my  nakea  hands  a  powerful  permanent  artificial  magnet,  I 
find  no  sensation  whatever  even  by  removing  the  keeper  and 
taking  hold  of  each  pole  in  each  hand,  where  I  must  feel 
certain  that  the  magnetic  influence  must  pass  through  my 
body,  were  I  to  think  that  magnetism  ana  electricity  were 
one  and  the  same  fluid;  for  I  am  certain  that  my  thus  touch- 
ing the  poles  of  the  horse-shoe  magnet  does  not  in  the  least 
change  its  circumscribed  magnetic  scapement  in  the  act  of 
passing  from  one  pole  to  the  other.  I  admit,  that,  by  vol- 
taic electricity,  considerable,  and,  indeed,  indefinite,  magnetic 
power  can  be  induced  into  soft  iron,  surrounded  by  innu- 
merable coils  or  helices  of  covered  copper  wires ;  but  I  do  not 
think  that  voltaic  electricity  transforms  itself  into  the  new 
fluid  called  *^  magnetism,*'  only  as  it  pervades  the  various 
lengths  or  coils  of  wires,  surrounding  the  piece  of  iron,  by  a 
chemical  electric  property  inherent  in  itself,  inducing  magne- 
tism, in  proportion  to  the  lengths  of  coils,  into  the  centre  of 
the  helices,  which,  if  filled  by  the  most  appropriate  sub- 
stance to  accumulate  and  receive  it,  viz:  soft  iron ;  its  mag- 
netic intensity  (or  density  according  to  the  thickness  or  length 
of  the  wires)  is  developed  to  the  highest  degree,  in  proportion 
to  the  mass  of  iron  and  quantity  of  coils:  the  proportions  of 
which  are  now  pretty  weU  ascertained,  to  obtain  any  required 
result  without  unnecessary  loss  of  iron  or  wire. 

I  have  now  only  time  to  send  you  the  two  drawings  of  my 
moveable  electro-magnetic  keeper,  which  I  contrived  in  March, 
1834 ;  but  which,  firom  living  out  of  London,  I  had  no  oppor- 
tunity of  publishing.  It  was  my  intention  to  have  inserted  it 
in  the  small  work  on  electricity  and  electro-magnetism,  See., 

•  See  YoL  1,  page  S89. 
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which  I  had  meant  to  publish ;  but  who  would  venture  such  a 
thing  now,  when  you  have  brought  forth  to  the  scientific  world 
the  means  of  communicating  the  mutual  discoveries  and  ob- 
servations of  experimentalists  at  little  trouble  and  no  expense  ? 
The  first  time  I  exhibited  my  electro-magnetic  keeper  was 
at  my  lectures  at  Plymouth  and  Devonport,  and  afterwards  at 
Falmouth,  where  it  was  particularly  noticed  by  the  justly 
celebrated  Robert  Were  Fox,  Esq.,  author  of  so  many  valuable 
productions  on  the  electricity  of  mines  and  on  metals,  &c., 
&c.;  and  by  Sir  Charles  Lemon,  who  was  also  present,  in 
December,  1835.  These  drawings  were  taken  by,  I  believe, 
a  Mr.  Ash,  schoolmaster,  at  Falmouth,  and  member  of  the 
Cornwall  "  Polytechnic'^  Society,  of  which  I  have  the  honour 
of  being  a  member.  This  instrument,  in  the  investigation  of 
that  particular  branch  of  science,  electro-magnetism,  will  at 
once  appear  particularly  useful;  for,  with  such  an  apparatus,  the 
electro-magnetic  spark  can  easily  be  obtained  from  any  per- 
manent, or  electro-magnets,  by  presenting  it  to  them,  as  in  fig. 
7  and  8  Plate  1,  and  thus  at  once  ascertain  the  force  of 
the  magnet  to  which  it  is  presented.  Fig.  7  is  a  flat  and  full 
view  of  the  electro-magnet ;  the  iron  of  which  is  an  inch  and  a 

?uarter  square,  having  450  yards  of  coils  of  copper  wires  (No. 
3.)  on  each  pole.*  A  single  cylindrical  Sturgeon's  battery 
measuring  about  4J  inches  in  diameter  by  10.^  high,  induces  in 
it  a  magnetic  power  of  upwards  of  four  hundred  pounds  weight. 
The  terminating  wires  a,  a,  of  the  coils  communicating  with 
the  cylindrical  galvanic  battery  as  shown  in  the  figure  7.  The 
wooden  stand  on  which  the  electro-magnet  rests  in  a  horizontal 
position  is  represented  by  4, 4, 4,  4.  The  revolving  keeper 
round  which  120  yards  of  wire  are  coiled,  5,  5.  The  ter- 
minating wires  are  made  to  pass  through  a  brass  tube  of  about 
i  inch  (as  I  have  not  the  apparatus  before  me)  in  diameter, 
6, 6,  6 ;  a  hole  is  perforated  right  through  the  brass  pulley  7, 
and  through  the  back  of  the  keeper,  8,  8.  The  wheel  is  repre- 
sented by  9,  9,  and  the  string  is  seen  in  the  side  view  of  the 
apparatus,  fig.  8,  which,  I  hope,  will  at  once  appear  satisfac- 
tory and  intelligible.  10,  fig.  8,  the  wooden  stand  through 
which  the  hollow  axle-tree  or  tube  passes  and  turns  through  a 
collar  of  gun  metal.  A  brass  ferrule /,  is  fixed  on  a  piece  of 
nicely  turned  ebony,  having  a  hole  in  the  middle  to  allow  the 
centre  communicating  wire  12,  to  pass  through,  and  a  smaller 
hole  immediately  (eccentric)  above  it,  to  allow  a  passage  for 

*  From  the  circumstance  of  there  being  no  representation  of 
coil  wire  in  the  drawing  which  was  sent  to  us,  we  are  led  to  suppose 
that  the  wire  which  covers  the  magnet  is  enveloped  in  a  silken  or 
other  cMe.     Edit. 
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the  Isist  communicating  wire,  which  is  soldered  to  the  cop- 
per ferrule  13,  to  ensure  perfect  contact.  I'his  part  of  the 
apparatus  is  the  same  as  the  Saxtonion.  14  is  the  steel 
disc,  and  15  the  diamond-like  steel  point.  16,  the  ebony 
cup  to  hold  the  quicksilver.  17,  a  thumb  screw  to  raise 
or  depress  the  cups  according  as  is  necessary.  18,  19,  the 
cups  of  the  battery  20.  The  whole  machine  will  be  at 
once  understood.  But  now,  Mr.  Editor,  I  beg  to  draw  your 
attention,  and  that  of  your  numerous  scientific  readers,  to 
the  valuable  and  important  improvement  I  made  in  the  metal- 
he  disc  and  in  the  small  lancet-like  blade.  This  arrange- 
ment I  made  also  in  March,  1834,  and  I  was  surprised  to 
find  that  although  I  had  exhibited  it  for  so  long  a  time  to 
my  classes  that  it  had  not  reached  the  Adelaide  Gallery 
of  Practical  Science,  where  the  old  copper  disc  and  blade  are 
still  in  use.  I  have  not  published  it  in  any  scientific  journal, 
for  the  reason  above  assigned  of  my  intention  to  publish  a 
small  work  on  the  various  branches  of  physical  science  on 
which  I  lecture.  Many  thousands,  however,  have  seen  it,  and 
it  was  complimented  by  the  Rev.  Mr.  Scoresby  of  Exeter, 
as  being  a  great  improvement  in  the  apparatus.  Had  Mr.  Clarke, 
"Me  magneticiariy^^  known  that  fact,  he  might  have  saved  him- 
self the  trouble  of  showing  to  your  readers  the  disadvantages  of 
the  copper  metallic  disc  and  copper  blade  still  in  use  in  the 
Adelaide  Gallery  of  Practical  Science,  and  where  both  the 
blade  and  copper  disc  scatter  the  mercury  about  as  stated 
in  your  Annals,  page  147,  No.  2,  January,  1837,  and  this 
improvement  consists  in  substituting  a  polished  steel  disc, 
extremely  fine  and  soft,  and  the  diamond  or  blade  of  the  same 
metal.  This,  Mr.  Editor,  as  you  will  readily  conceive, 
having  no  aflBnity  for  mercury,  passes  freely  through  that 
metal  without  disturbing  it  in  the  least.  It  is,  I  presume, 
almost  as  good  a  conductor  as  the  copper  disc  and  blade ; 
indeed  I  have  no  reason  to  think  it  inferior.  True  it  is  that 
the  spark  does  not  appear  so  large  or  intense ;  but  this  must 
be  attributed  to  the  metallic  steel  blade  not  carrying  with  it, 
as  in  the  case  of  the  copper,  any  mercury  out  of  the  cups, 
part  of  which  may  be  considered  as  entering  into  fusion. 
Here  the  spark  is  not  so  large ;  but  it  is  genuine  and  beautiful, 
and  my  test  for  ascertaining  that  it  is  not  an  inferior  conductor 
of  the  electro-magnetic  fluid  is,  that  it  reddens  the  same  quan- 
tity of  fine  platina  wire  as  though  the  copper  disc  and  blade 
were  used.  The  decomposition  of  water,  &c.,  is  also  as 
quickly  effected  by  it. 

Preparing  for  my  lectures  in  this  place,  I  cannot  say  any 
more  until  some  future  opportunity.     I  have,  I  think,  stated 
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my  general  ideas  on  this  subject;  and  if  I  am  fortunate  enough 
to  be  in  time  for  you  to  give  it  a  place,  I  will  deem  it  a  favour, 
intended  as  it  is  to  throw  some  useful  hints  upon  a  subject  of 
such  vital  interest. 

I  have  the  honour  to  remain^ 
Mr.  Editor, 
Your  very  obedient  and  humble  servant, 
J.  P.   SIMON. 
1,  Cistemfield  Place,  Exeter, 
September  23, 1837. 


VI.  Influence  of  Electrical  Action  on  Clay,  By 
Robert  Were  Fox,  Esq.*  Read  before  the  London 
Electrical  Society,  at  the  Meeting  of  the  \&th  December, 

At  the  annual  meeting  of  the  Cornwall  Polytechnic  Soceity, 
I  exhibited  specimens  of  dry  clay  which  have  a  laminated 
appearance  like  clay-slate,  in  consequence  of  its  having  been 
exposed  to  long  continued  voltaic  action  when  in  a  moist  state. 
In  two  instances  I  employed  the  clay  to  divide  earthenware 
vessels  into  compartments,  or  water-tight  cells,  so  that  the 
clay  formed,  as  it  were,  a  wall  between  them.  Into  one  of 
these  cells  I  put  a  piece  of  the  native  bi-sulphuret  of  copper, 
and  a  solution  of  the  sulphate  of  zinc;  and  in  the  other  cell 
a  piece  of  zinc  together  with  water  acidulated  by  sulphuric  acid, 
the  connexion  between  the  copper  ore  and  zinc  having  been 
completed  by  means  of  a  copper  wire  which  was  passed  over 
the  wall  of  clay.f  The  arrangements  in  the  other  vessel  were 

*  Communicated  by  the  author. 

This  paper  was  accompanied  with  three  specimens  of  clay:  one 
of  which  ^^  was  kept  in  a  moist  state  for  a  considerable  time,  but 
not  exposed  to  voltaic  action,  and  therefore  not  laminated."  Another 
specimen  had  ^^  originally  been  moistened  by  a  solution  of  sulphate 
of  copper,  and  placed  for  some  months  between  copper  pyrites  and 
zinc,  forming  a  voltaic  circuit."  This  specimen,  when  broken  into 
fragments,  was  found  to  contain  a  few  scattered  specks  of  the  oxide 
of  copper. 

The  third  specimen  exhibits  a  beautifully  laminated  structure, 
which  it  has  acquired  by  voltaic  action,  as  described  in  this  paper. 

These  specimens  were  placed  on  the  table  of  the  Electrical  Society, 
and  excited  much  interest  amongst  those  who  examined  them.    Enrr. 

+  A  figure  of  Mr.  Fox's  apparatus  will  be  seen  in  Plate  V.  vol. 
I.  and  described  at  page  133.  The  specimen  of  clay  first  mentioned 
in  the  preceding  note,  we  have  placed  in  a  voltaic  circuit  similar  to 
that  described  by  Mr.  Fox.  Our  readers  may  expect  to  hear  of  the 
result.     Edit. 
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nearly  the  same^  except  that  iron  was  substituted  for  zinc  in 
the  acidulated  water.  Thus  circumstanced^  the  vessels  were 
allowed  to  remain  undisturbed  for  a  considerable  time,  till  the 
liquid  was  evaporated,  and  the  clay  became  dry.  The  latter 
then  presented  a  laminated  structure,  the  laminae  being  atright 
angles  to  the  direction  of  the  voltaic  action,  i.  e.  to  the  plane 
of  the  circuit;  vfitYi  otlq  principal  division  or  joint,  in  each 
case,  separating  the  clay  into  distant  portions  parallel  to  the 
laminee.  These  results  seem  to  have  a  direct  bearing,  not 
only  on  the  lamination  observable  in  many  sedimentary  rocks, 
but  also  on  the  existence  of  metalliferous  deposits  in  some 
rocks,  and  not  in  others,  and  in  some  beds  of  clay-slate,  rather 
than  in  other  contiguous  beds  of  the  same  substance,  in  con- 
sequence, as  I  have  assumed,*  of  their  having  been  in  different 
electrical  states;  for  that  the  divided  portions  of  clay  in  the 
experiments  in  question  were  in  opposite  states  of  electricity 
can  scarcely  be  doubted:  and  I  conceive  that  the  electrical 
theory  of  mineral  veins  which  I  have  ventured  to  put  forth,t 
derives  strong  confirmation  from  these  results. 

It  seems  reasonable  to  believe  that  the  structure  and  relative 
characters  of  coal  beds  are  due  to  the  same  agency;  and  it  is 
not  improbable  that  the  very  thin  layers  of  shale  which  often 
sub-divide  given  coal  beds  into  parallel  portions,  may  have 
been  so  arranged  by  electrical  action. 

Many  of  the  least  homogeneous  sedimentary  rocks  seem  to 
have  a  greater  tendency  to  exhibit  a  laminated  structure  than 
those  which  are  more  chemical  in  their  composition ;  such  as 
lime-stone.  In  the  former  case,  it  would  seem  as  though  a 
more  external  or  general  influence  had  prevailed,  and  in  the 
latter,  a  more  internal  or  atomic  attraction. 

Before  I  conclude,  it  may  perhaps  be  well  for  me  to  state, 
that  having  taken  masses  of  clay  moistened  by  a  solution  of 
sulphate  of  copper,  and  exposed  them  for  five  or  six  months  to 
weak  voltaic  action,  they  were,  on  examination,  found  to  con- 
tain numerous  insulated  portions  of  metallic  copper,  also  the 
red  oxide  and  carbonate  of  that  metal.  They,  moreover,  in- 
cluded veins  of  the  same  substances,  some  of  which  covered  a 
surface,  or  rather  filled  a  crack,  of  more  than  a  square  inch  in 
extent,  although  not  much  thicker  than  paper. 

These  results  seem  to  be  analogous  to  those  communicated 
at  Liverpool  to  the  chemical  section  of  the  British  Association 
by  Golmng  Bird,  and  they  are  also  in  accordance  with  the 

♦  See  Royal  Cornwall  Polytechnic  Society's  Fourth  Report,  1836, 
pp.  110,  113,  and  114:  sold  by  Trathan,  Falmouth;  and  Simpkin 
and  Marshall,  Stationers'  Court,  London. 

f  Mr.  Fox's  theory  will  soon  be  placed  before  our  readers.  Eorr. 
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views  I  have  stated  in  the  Polytechnic  Report,  p.  117,  of  the 
manner  in  which  electricity  seems  to  have  operated  in  causing 
metallic  deposits  in  the  earth ;  and  likewise  with  an  experi- 
ment which  I  made  about  fifteen  months  ago,  in  which  a 
bladder  containing  zinc  and  acidulated  water,  when  plunged 
into  a  solution  of  sulphate  of  copper,  was  coated  on  its  outer 
surface  by  metallic  copper.  See  Polytechnic  Report  for 
1836,  p.  135. 


VII.  Memoir  on  the  relative  measure  of  thermo-elec- 
trie  and  hydro-electric  sources,  and  on  the  quantities  of 
electricity  which  are  necessary  for  the  chemical  decompo^ 
sition  of  1  gramme  of  ivater,  or  to  give  stronger  or  tveaker 
commotions  under  certain  circumstances;  bym.,  Pouillet.* 

(Extract  by  the  Author.) 

1.  Comparison  of  the  thermo  and  hydro-electric  sources. 
All  thermo-electric  sources  may  be  compared  among  them- 
selves by  laws  which  were  developed  in  a  memoir  presented 
to  the  Academy  in  1831. 

All  hydro-electric  sources  may  be  compared  among  them- 
selves by  laws  developed  in  a  memoir  which  was  presented  to 
the  Academy  20  Feb.  1837.  (See  the" Compfe  rendu''  No.  8.)t 

There  remained  to  determine  the  relative  intensities  of 
these  two  electric  sources  so  diflferent  in  their  nature  and  pro- 
perties, although  subservient  to  the  same  laws ;  to  arrive  at 
which,  the  following  process  has  been  made  use  of.  A  platinum 
wire  of  '144  of  a  millimetre  in  diameter,  and  200  metres  long, 
with  asingle  end,  was  placed  in  a  convenient  manner;  the  resist- 
ance of  Wollaston's  ordinary  pile  of  12  pairs  was  determined, 
and  its  current  made  to  pass  over  the  pyrometric  compass, 
(see  the  "Compte  rendu  des  Seances  de  I'Academie"  26Dec. 
1836)  and  over  a  sufficient  length  of  platinum  wire  to  reduce 
the  deviation  of  the  compass  to  16\  The  total  length  of  this 
circuit  was  then  180  metres  of  platinum  wire.  A  thermo- 
electric current,  produced  by  a  bismuth  and  copper  source, 
was  afterwards  passed  over  the  same  compass,  traversing  (the 
compass  included)  a  length  of  21  metres  of  copper  wire,  1 
millimetre  in  diameter ;  the  deviation  was  likewise  16*  for  a 
difference  in  temperature  of  42''4.  The  conductibility  of  the 
copper  wire  of  this  circuit  was  65  with  regard  to  that  of  the 
platinum.  From  these  data  it  is  easy  to  conclude  that  the  in- 

*  Translated  by  Mr.  J.  H.  Lang ;  from  the  Comptes  Rendus. 
+  This  memoir  will  appear  in  our  next  number.     Edit. 
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tensity  of  the  hydro-electric  pile  is  equal  to  1 13924  times  that 
of  the  element  of  bismuth  and  copper,  having  a  difference  in 
temperature  of  1%  and  a  circuit  of  copper  wire  21  ihetres  long 
and  1  millimetre  in  diameter. 

This  process  may  be  employed  in  all  cases,  only  it  will 
give  as  many  different  results  as  different  sources  are  made 
use  of. 

Thus,  all  electric  sources  may  be  brought  to  one  unity, 
and  it  is  shown  how  this  unity  may  itself  be  related  to  the 
magnetic  intensity  of  the  earth,  and  how  it  may  become  a 
unity  to  measure  electric  sources  as  the  degrees  of  the  ther- 
mometer for  measuring  temperatures. 

2.  Relative  conductibilities  of  liquids  and  metals.  The 
worst  metallic  conductors  have  so  very  great  a  conductibility 
in  proportion  to  that  of  the  best  liquid  conductors  that  there 
has  been  no  exact  comparison  mad!e  of  them,  notwithstand- 
ing that  this  comparison  is  one  of  the  most  essential  elements 
of  the  theory  of  electricity.  This  research  has  been  made 
in  the  following  manner:  It  was  first  demonstrated  by  a  great 
number  of  experiments — that  for  liquids  as  well  as  metals, 
the  conductibility  is  a  proportion  inverse  to  the  length  and 
direct  to  the  section,  provided  that  the  length  of  the  cylin- 
drical column  of  the  liquid  be  at  least  equal  to  five  or  six 
times  its  section ;  from  which  it  results  that  the  conductibility 
of  liquids  is  rigorously  comparable  with  that  of  metals.  This 
principle  being  set  at  rest,  the  saturated  solution  of  sulphate 
of  copper  at  a  temperature  of  15**  or  16*  was  chosen  from 
among  the  liquids  to  be  compared  to  a  long  platinum  wire 
200  metres  in  length.  For  which  purpose,  the  current  of  a 
pile  was  made  to  traverse  the  pyrometric  compass,  and  a 
column  of  sulphate  of  copper  1  metre  long  and  20  millimetres 
in  diameter;  the  deviation  by  the  compass  was  22'.  The 
same  current  was  then  made  to  traverse  the  compass,  and  a 
length  of  platinum  wire,  increasing  or  decreasing  until  the 
deviation  was  22%  and  it  was  then  found  that  132  metres  of 
platinum  wire  were  obliged  to  be  placed  in  the  circuit. 

From  these  data,  it  is  easy  to  conclude  that  the  conducti- 
bility of  platinum  is 

2546680 
times  greater  than  that  of  the  saturated  solution  of  sulphate 
of  copper;  and  with  regard  to  this  solution  the  conductibility 
of  metallic  copper  is,  consequently,  more  than  16  millions, 
and  that  of  palladium  more  than  30  millions. 

The  conductibility  diminishes  in  proportion  as  the  solution 
is  fiirther  removed  from  saturation;  but  it  does  not  diminish 
in  a  very  rapid  manner,  as  will  be  seen  by  the  following  table. 
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Solution  saturated  with  sulphate  of  copper 

conductibility TOO 

extended  by  1  volume  of  water  . .  0'64 

2 0-44 

4.. 0-31 

Still  taking  for  unity  the  solution  saturated  with  sulphate  of 
copper  we  have 
For  the  solution  saturated  with  sulphate  of  zinc  0*417 

—  pure  water 0*0025 

with  tit.Wt  nitric  acid 0*015 

The  above  results  are  those  which  were  obtained  by  making 
the  contacts  with  the  copper  in  the  sulphate  of  copper,  with 
the  zinc  in  the  sulphate  of  zinc,  and  with  the  platinum  in  the 
pure  or  acidulated  water. 

3.  Qimntity  of  electricity  necessary  to  decompose  1 
gramme  of  water.     In  a  current  of  invariable  intensity,  the 

auantities  of  electricity  which  circulate  or  move  are  evi- 
ently  proportional  to  the  duration  of  the  passage  of  the  cur- 
rent; that  is  to  say>  that  in  double  the  time  there  will  be 
double  the  quantity  of  electricity  put  in  motion,  &c.  To 
know,  in  such  a  current,  if  the  quantity  of  electricity  be  reduced 
to  half  when  the  electro-magnetic  intensity  is  itself  reduced  to 
half,  the  following  means  have  been  adopted ;  a  mechanism  has 
been  used  capable  of  opening  and  shutting  the  circuit  a  great 
many  times  in  a  second,  and  consequently  fit  to  interrupt  or 
permit  the  passage  of  the  current:  the  duration  of  the  inter- 
ruption was  exactly  equal  to  that  of  the  passage.  When  the 
interruptions  were  not  very  numerous,  the  needle  of  the  com- 
pass oscillated;  but  as  soon  as  they  were  increased  to  140  or 
150  in  a  second  the  needle  was  steady  as  if  under  the  influence 
of  a  continued  current,  and  it  showed  an  intensity  exactly 
equal  to  half  that  of  the  primitive;  from  this  time  it  remained 
immoveable,  and  continued  to  show  an  intensity  half  of  what 
the  number  of  interruptions  were,  even  when  it  was  raised 
to  3000  in  a  second.  But  when,  for  example,  there  were 
1000  contacts  and  1000  interruptions  in  a  second,  it  might 
be  perceived  that  the  electricity  which  passed  during  each 
contact  was  divided  into  two  equal  parts,  of  which  one  would 
be  put  in  reserve  to  pass  during  the  following  interruption;  we 
should  thus  have  a  continued  current,  in  which  only  half  of 
the  electricity  passing  in  the  primitive  current  would  pass  in 
a  second,  and  as  the  intensity  shown  by  the  compass  is  only 
half  of  that  of  the  primitive,  we  may  admit  that  the  quantity 
of  the  electricity  is  proportional  to  the  intensity  of  the  cur- 
rent. Thus,  when  we  have  two  currents,  whatever  may  be 
their  sources,  it  is  sufficient,  to  observe  their  relative  intensi- 
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ties,  to  have  a  measure  of  the  relative  quantities  of  electricity 
which  constitute  them,  and  since  the  same  electric  source 
gives  currents  whose  intensities  are  in  a  proportion  inverse  to 
the  length  of  the  circuit  and  direct  to  the  section  and  con- 
ductihility,  there  still  results  that  the  same  source  gives 
quantities  of  electricity  continually  varying,  and  varying  ac- 
cording to  these  laws. 

To  compare  now  the  intensities  or  tensions  of  the  sources 
with  themselves,  eqical  sources  or  equal  tensions  are  those 
which  in  the  same  circuit  produce  currents  of  the  same  in- 
tensity, and  one  source  will  have  an  intensity  double  or  triple 
that  of  another,  when  in  the  same  circuit  it  will  produce  cur- 
rents of  doable  or  triple  the  intensity,  &c.  However  exten- 
sive, it  always  acts  over  the  whole  of  the  circuit,  including  the 
source  and  its  resistance,  which  ought  to  be  estimated  by  the 
laws  of  conductibility. 

It  results  from  these  definitions : 

1st.  That  the  tension  of  any  source  is  independent  of  the 
size  of  the  elements  which  compose  it. 

2d.  In  any  pile,  the  tension  is  always  equal  to  the  sum  of 
the  tensions  of  aU  the  sources  or  of  all  the  elements  that  com- 
pose it. 

In  short,  there  results,  that  if  for  the  unity  of  tension,  the 
tension  of  the  thermo-electric  source  bismuth  and  copper  at 
a  diflference  of  temperature  of  lOO*  be  taken,  and  for  the  unity 
of  quantity  the  quantity  of  electricity  which  this  source  gives 
in  a  minute,  in  a  circuit  of  20  metres  of  copper  wire  whose  sec- 
tion and  conductibility  are  taken  for  unity,  the  tension  T  of 
any  source  and  quantity  Q  of  electricity  which  this  source  sets 
in  motion  in  a  minute,  will  be  given  by  the  two  following 
equations. 

^_20  1    sinD' 


L'  b   sinD 

b    sin  D 

D  is  the  deviation  produced  on  any  compass  by  the  current 
that  is  taken  for  unity. 

D'  is  the  deviation  produced  on  another  compass  hj  the 
current  that  is  required  to  be  estimated,  and  the  relation  of 
the  sensibility  of  tnis  compass  to  the  preceding  one  is  repre- 
sented by  ^. 
^  b 

L'  is  the  length  in  metres  of  the  circuit  traversed  by  the 
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source  whose  tension  is  required  to  be  estimated,  the  circuit 
being  formed  of  copper  wire  of  the  section  1  and  conducti- 
bility  1. 

That  set  at  rest,  in  order  to  know  the  quantity  of  electricity 
necessary  to  decompose  chemically  1  gramme  of  water,  there 
remains  to  show  that  this  quantity  is  constant,  that  is  to  say 
independent  of  the  intensity  of  the  current,  already  established 
for  the  decomposition  of  nitrate  of  copper  by  M.  Becquerel 
(see  *^  Comptes  Rendus"  9  January,  1837,  page  40)*  is  con- 
firmed for  water  bydiflferent  series  of  experiments  analogous 
to  that  which  is  related  in  the  following  table. 

Table  of  a  series  of  experiments  on  the  decomposition  of 
water  more  or  less  acidulated. 


*i\ 

Metal  which 

Number 

a 

forms 

of 

.-§ 

Nature  of 

the  Poles. 

seconds 

Devia- 

Sine 

Product 

ii 

'^^^       A      ^^^*N 

to  obtain 

tion  of 

of  the 

of  the 

the 

^^"'^ 

^^ 

two 

the 

devia- 

Intensity 

1 

Liquid. 

Positive 
pole. 

Negative 

cubed 
centi- 
metres of 
hydrogen 

Compass 
needle 

tion  or 
Intensity 

by  the 
Time. 

1  )       DistUled  water 

2  J  With  sulphuric  acid. 

5 

platinum 

platinum 

498« 

^^W 

01016 

50-60 

X       do 

do 

510 

5*40 

0-0987 

50-34 

3  Q  The  same  liquid  in- 

4  .  [  creased  by  a  volume 

5  ^    of  distilled  water. 

^       do 

\\       do 

5     do 

do 

725 

4' 00 

0-0697 

50-63 

do 

728 

400 

0-O697 

50-74 

do 

919 

3- 10 

0t)552 

50-73 

«   ^ 

^      do 

do 

4ir 

6-50 

0-1190 

49-62 

7    i 

i       do 

do 

423 

6-45 

0-1175 

49-70 

8   f 

^  copper 

do 

251 

11-20 

0-1965 

49  32 

9   >.       Comtnon  water 

J       do 

do 

247 

11*30 

0-1994 

49-25 

10   ^  with  sulphuric  acid. 

S       do 

do 

247 

11-30 

0-1994 

49-25 

^1   W 

i     zinc 

do 

239 

12-00 

0-2080 

49-71 

12    \ 

f       do 

do 

258 

11-00 

0  1908 

49-21 

13      / 

V  platinum 

do 

684 

4-10 

00724 

49-50 

J  4  J        Sulphuric  acid 
\           increased. 

J       do 

do 

77 

4000 

0-6428 

49-50 

This  table  shows,  in  reality,  that  under  very  different  cir- 
cumstances, and  for  intensities  which  vary  firom  1  to  12,  the 
product  of  the  intensity  by  the  time  necessary  to  obtain  two 
cubed  centimetres  of  hydrogen,  is  evidently  constant,  which 
proves  that  the  quantity  of  electricity  that  has  produced  this 
effect  is  absolutely  the  same.  To  determine  the  value  of  this 
quantity  Q,  we  have 

4-  =  17-3;  sm  n'  =  0-1001 ;  sin  n  =  06510 ; 

D 

which  gives  Qiz:2*665 
and  as  the  experiment  lasted  8' — 20",  this  quantity  becomes 

22-208, 
taking  for  unity  what  passes  in  a  minute. 

We  have  for  two  centimetres  cube  of  hydrogen,  and  con- 

*  See  Becquerel's  paper,  page  398,  vol.  I.  of  these  Annals.    Edit. 
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sequently  to  decompose  1  gramme  of  water,  a  quantity  of 
electricity  expressed  by 

13787 
will  be  required,  that  is  to  say,  a  quantity  which  is  13787  times 
greater  than  that  which  passes  in  a  minute  through  a  circuit 
of  bismuth  and  copper,  20  metres  long  and  one  millimetre 
diameter  of  copper  wire,  with  a  difference  in  the  temperature 
of  100  at  the  solderings. 

This  number  is  sufficient  to  express  the  quantities  of  elec- 
tricity necessary  to  make  any  other  chemical  decomposition, 
since  by  the  very  remarkable  law  discovered  by  M.  Faraday, 
and  confirmed  by  M.  Becquerel,  the  numbers  which  represent 
the  chemical  equivalents  of  different  substances,  are  also  those 
which  represent  the  ponderable  quantities  of  these  substances 
which  are  decomposed  by  a  like  current,  and  consequently  by 
a  like  quantity  of  electricity. 

4.  Electric  intensities  necessary  to  produce  stro7iger  or 
weaker  commotions.  The  physiologic  effects  have  been  mea- 
sured with  a  very  sensible  compass,  whose  multiplier  had  240 
turns,  the  ellipse  of  the  circumferences  nearest  the  needle, 
having  a  large  axis  of  10  centimetres,  and  a  small  one  of  2 
centimetres. 

It  was  stated,  at  first,  that  the  current  which  passes  firom  one 
hand  to  the  other,  they  being  moistened  and  dipped  in  mer- 
cury, is  weakened  as  much  as  if  it  had  traversed  1 1  leagues  of 
copper  wire  one  millimetre  in  diameter,  and  that  the  current 
which  passes  firom  one  finger  to  another  in  the  same  hand,  is 
weakened  as  much  as  if  it  had  traversed  77  leagues  of  the 
same  copper  wire,  the  fingers  being  moistened  and  immersed 
in  mercury  as  far  as  half  or  a  third  of  the  first  joint. 

We  afterwards  compared  the  electric  intensities  which 
are  necessary  to  produce  the  weakest  perceptible  commotions, 
and  the  most  insupportable  ones,  and  have  found  that  these 
intensities  are  as  1  to  18  or  1  to  20,  the  communications  re- 
maining the  same. 

The  characters  of  these  commotions,  their  increasing  inten- 
sity from  the  first  joint  to  the  articulation  of  the  wrist,  and 
even  to  the  elbow,  appear  easy  to  explain  by  the  considerations 
only  of  the  conductibility,  and  of  the  division  of  the  electricity 
into  the  different  organic  conductors. 

All  these  observations  lead  to  the  conclusion  that  the  elec- 
tric fluid  shows  its  effects,  not  in  proportion  to  the  sum  of  the 
actions  that  it  exercises,  but  in  proportion  to  the  intensity  of 
the  individual  actions  that  it  exerts  over  each  of  the  fibres 
that  are  destined  to  receive  or  transmit  the  impressions  that 
it  may  produce ;  and  that  in  this  respect  it  acts  in  a  manner 
analogous  to  light. 
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5.  Examination  of  the  mechanic  conditions  of  the  motion 
of  the  electricity,  and  the  general  principle  which  results 
from  it.  From  the  impossibility  of  entering  here  into  the  ex- 
amination of  these  conditions,  we  shall  limit  ourselves  to  giving 
the  enunciations  of  the  four  propositions  which  express  the 
general  principle. 

1st  Proposition.  The  current  is  not  produced  in  a  con- 
stant manner,  but  it  is  produced  by  interruptions,  whose 
duration,  always  excessively  small,  is  however  dependant 
on  the  tension,  source,  length,  the  section,  and  conductibility 
of  the  circuit. 

2d  Proposition.  Each  interruption  is  composed  of  two 
periods,  the  one  which  may  be  called  the  period  of  decompo- 
sition or  polarization ;  the  other  which  may  be  called  the 
period  of  recomposition  or  depolarization. 

3d  Proposition.  The  polarization  is  accomplished  in  a 
given  and  variable  time,  which  is  always  excessively  small, 
and  it  ought  to  be  accomplished  over  the  whole  chain  or 
throughout  the  whole  extent  of  the  circuit,  before  the  depolari- 
zation can  take  place ;  this  polarization  seems  to  be  a  kind  of 
decomposition  by  influence  which  operates  upon  each  particle, 
or  more  generally  upon  each  electric  element. 

The  duration  of  the  polarization  is  proportional  to  the  length 
of  the  circuit,  and  to  the  quantity  of  polarized  fluids  when  the 
polarizing  force  remains  the  same ;  but  it  is  in  an  inverse  pro- 
portion to  the  electric  conductibility  of  the  circuit  and  is  in- 
dependent of  the  magnitude  of  its  section. 

4th  Proposition.  The  recomposition  is  instantaneous  and 
simultaneous,  that  is  to  say,  that  it  is  accomplished  in  a  time, 
inappreciable  with  regard  to  that  which  is  required  for  the 
polarization  or  decomposition  of  fluids,  and  that  it  is  accom- 
plished at  the  same  time  or  simultaneously  in  all  the  electric 
elements  of  the  circuit  which  have  previously  been  polarized. 

As  soon  as  the  recomposition  has  taken  place,  the  same 
cause  subsisting,  polarization  recommences  over  all  the  ele- 
ments of  the  circuit ;  then,  when  it  has  every  where  acquired 
an  equal  intensity,  suitable  to  the  particular  conditions  which 
belong  to  the  source  and  to  the  circuit,  it  is  followed  by  a  new 
composition,  and  so  on. 


VIII.     Electrical  Society  of  London. 

The  first  evening  meeting  for  the  season  took  place  on 
Saturday,  October  7,  in  the  Theatre  of  the  Gallery  of  Prac- 
tical Science,  Adelaide  Street,  Strand : — 
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Previous  to  the  chair  heing  taken,  Mr.  Bradley,  the  Super- 
intendent of  the  Society  for  the  illustration  of  Practical 
Science,  exhibited  a  thermo-electric  battery,  which  has  been 
recently  constructed  for  the  Gallery,  under  Mr.  Bradley's 
superintendance.  It  consists  of  fifty-six  pairs  of  elements, 
^aced  vertically,  consolidated  with  plaster  of  Paris.  Mr. 
B.  stated  that  with  a  difference  of  temperature  of  19^,  sparks 
had  been  elicited  and  a  permanent  deflection  of  the  needle 
caused.     This  battery  is  at  present  exhibited  in  the  Gallery. 

On  the  chair  being  taken,  the  following  Report  of  the 
Committee  was  read  by  the  Assistant  Secretary : — 

REPORT. 

Your  Committee,  in  pursuance  of  your  instructions,  have 
caused  a  Report  to  be  printed  and  circulated ;  which  report, 
dated  4th.  September,  having  been  sent  to  each  member, 
your  Committee  do  not  consider  it  necessary  further  to  allude 
to  it.*  Your  Committee  have  met  from  time  to  time  during 
the  recess,  and  have  great  pleasure  in  announcing,  that  con- 
siderable increase  has  already  been  made  in  number  of  the 
members  of  this  society ;  and  your  Committee  suggest,  that 
it  would  materially  assist  the  objects  for  which  the  society 
was  originally  instituted,  if  the  number  of  resident  members 
was  increased  to  100,  previous  to  the  election  of  officers. 
Your  Committee  have  secured  to  the  society,  the  valuable 
services  of  Mr  Leithead,  who,  at  the  request  of  the  Com- 
mittee, has  kindly  undertaken  the  arduous  office  of  honorary 
secretary. 

The  printed  report  already  circulated,  has  acquainted  you, 
that  the  future  evening  meetings  will  be  held  in  this  Theatre, 
and  the  Committee  cannot  but  congratulate  the  members  upon 
the  liberality  evinced  by  the  council  of  the  Society  for  the  Il- 
lustration of  Practical  Science,  in  thus  affording  to  this  society 
such  accommodation.  For  the  convenience  of  the  members, 
a  card  for  the  admission  of  visitors  has  been  engraved  and 
issued  to  the  members.  Should  any  member  require  a  further 
number,  the  same  will  be  forwarded  on  application  to  the 
secretary. 

Your  Committee  have  taken  into  consideration  the  best 
mode  of  opening  the  proceedings  of  the  session ;  many  propo- 
sitions were  submitted  to  the  Committee,  but  they  have  decided 
on  requesting  Mr.  W.  Sturgeon,  as  the  first  member  who 
acted  as  chairman  when  the  society  was  originally  proposed, 
to  state  the  objects  and  character  of  the  Electrical  Society  in 

*  The  Report  is  inserted  in  the  first  volume  of  these  Annals, 
page  416.     Edit. 
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an  opening  address,  which  will  be  delivered  by  that  gentleman 
this  evening.  Your  Committee  cannot  conclude  this  report 
without  congratulating  the  members  on  the  prospects  of  the 
society.  The  subscriptions  already  exceed  the  amount  of 
expenditure ;  at  the  same  time,  it  is  to  the  increased  energies 
of  the  members,  that  the  Committee  look  forward  for  the 
means  of  carrying  out  the  objects  for  which  the  society  was 
originally  formed.  The  Committee  propose  the  following 
rules  and  regulations  for  the  consideration  of  the  society,  and 
if  approved,  for  their  adoption. 

The  rules  and  regulations  are  essentially  the  same  as  those 
stated  in  the  Annals,  page  416,  vol.  I.;  with  the  exception 
that  the  forming  of  a  permanent  council  should  be  delayed 
until  at  least  one  hundred  resident  members  had  been  enrolled. 

After  the  Report,  &c.,  having  been  confirmed  and  adopted, 
Mr.  Sturgeon  read  the  following  Address,  which  has  since 
been  printed  by  the  Society,  and  will  form  part  of  its  tran- 
sactions.— 


Address,  delivered  by  W.  Sturgeon,  Esq.,  Lecturer 
on  Experimental  Philosophy  at  the  Honourable  East  India 
Company^ s  Military  Seminary  Addiscombe,  Sfc,  8fc,  at 
a  general  meeting  of  the  London  Electrical  Society, 
held  in  the  Theatre  of  the  Gallery  for  the  illustration  of 
Practical  Science,  Jaelaide  Street,  on  Saturday,  October 
1th,  1837. 

Gentlemen, 
The  Report  of  your  Committee  having  been  read  by  the 
Secretary  this  evening,  I  am  now  called  upon  to  explain  to  you 
the  nature  of  this  Society,  and  the  objects  for  which  it  has 
been  formed.  I  cannot  proceed  to  address  you,  however,  with- 
out, in  the  first  place,  expressing  my  entire  concurrence  in 
every  particular  embraced  in  the  Report,  with  the  solitary 
exception  of  the  appointment  of  myself  for  the  discharge  of 
this  important  duty,  being  perfectly  convinced  that  some 
other  member,  more  efficient  than  I  am,  might  certainly 
have  been  named.  The  choice,  I  am  persuaded,  cannot 
be  thought  to  have  arisen  from  any  consideration  of  ability: 
I  am  more  willing  to  believe  that  it  is  an  act  of  polite  courtesy 
on  the  part  of  your  Committee,  occasioned,  perhaps,  by  the  cir- 
cumstance of  my  taking  the  chair  at  the  meeting  of  a  few  friends 
to  science,  when  the  Electrical  Society  was  first  formed.  But 
it  will  be  remembered,  by  those  gentlemen  who  were  present  on 
that  occasion,  that,  notwithstanding  the  impressions  which  I 
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experienced  of  the  honour  they  were  pleased  to  confer  upon  me, 
it  was  with  extreme  reluctance  that  I  assumed  an  office,  to  fulfil 
the  duties  of  which,  others  about  me  were  more  amply  qualified. 
But  the  laudable  motives  from  which  this  Society  was  origin- 
ally instituted  nmst  ever  claim  the  respect  and  regard  of 
every  friend  to  science ;  and  the  desire  which  I  have,  as  an  indi- 
vidual member,  of  being  instrumental  in  promoting  its  present 
interests  and  fixture  prosperity,  will,  at  all  times,  place  my 
humble  services  at  the  command  of  your  Committee,  in  any 
way  they  may  deem  them  most  usefiil;  and  I  should  wish  it  to 
be  distinctly  understood,  by  this  assembly,  that  it  is  from  a 
full  conviction  that  the  cultivation  of  electricity  will  ultimately 
confer  the  most  important  benefits  on  mankind,  and  from  a 
firm  belief  that  its  data  will  become  more  numerous  and  exact, 
and,  consequently,  its  advancement  more  rapid,  by  a  co-opera- 
tion of  experimentalists,  than  by  the  insiilated  position  in 
which  they  have  hitherto  been  permitted  to  labour,  that  I  now 
appear  before  you  as  an  advocate  for  the  interests  and  success 
of  the  London.  Electrical  Society. 

From  a  consideration  that  the  greater  number  of  this  assem- 
bly are  probably  acquainted  with  the  progress  which  electricity 
has  hitherto  made,  it  is  not  my  intention  to  attempt,  in  this 
address,  to  pourtray  even  a  brief  outline  of  the  science ;  not- 
withstanding, I  am  inclined  to  believe,  there  are  many  who 
might  suppose  that,  on  an  occasion  like  the  present,  a  recital 
of  some  of  the  most  prominent  discoveries  and  events  which 
have  marked  the  progress  of  electricity,  could  neither  be  con- 
veniently dispensed  with,  nor  with  propriety  omitted.  I  am 
well  aware,  however,  that  the  cultivators  of  electricity,  who 
now  hear  me,  have  no  need  of  my  services  to  bring  to  their 
recollection  the  splendid  discoveries  which  are  recorded  in 
the  history  of  the  science.  Those  are  events  aheady  indeli- 
bly stamped  on  their  minds ;  they  are  stimulants  to  renewed 
experimental  enterprise,  and  are  land-marks  by  which  they  are 
guided  in  the  pursuit. 

But  it  may  be  said,  if  those  distinguished  events  which 
have  marked  the  respective  eras  in  the  progress  of  the  science 
be  looked  upon  as  shining  beacons  to  the  experienced  elec- 
trician, it  is  possible,  that  even  a  brief  view  of  their  splendour 
might  incite  the  amateur  to  renewed  exertions,  and  lead 
him  to  discoveries  still  more  important  than  any  that  have 
hitherto  been  recorded.  Moreover,  I  should  labour  under  no 
unpleasant  apprehensions  of  being  tedious  to  our  veteran  elec- 
tricians by  a  brief  retrospection  of  some  of  the  principal  dis- 
coveries which  have  been  made  in  their  favourite  science ; 
because,  I  can  easily  imagine,  that  their  ardour  for  fresh  en- 

VoL.  II.— Ab.  7,  January,  1838  E 
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quiries  becomes  rekindled,  and  reverberates  with  new  energy, 
at  every  recital  of  those  eventful  periods  which  are  so  promi- 
nently arranged  in  the  same  path  of  discovery  which  they 
themselves  are  now  successfully  pursuing.  But,  however 
pleasing  and  useful  might  be  the  recital,  I  forbear  detaining 
you  with  a  detail  of  facts  so  abundantly  recorded  in  almost 
every  treatise  on  electricity,  and  so  easily  accessible  to  any 
one  wishing  to  become  acquainted  with  them. 

No  one,  I  am  persuaded,  can  contemplate  the  multitude  of 
facts  which  have  been  developed  by  the  industry  of  experi- 
mentalists ;  the  splendour  and  beauty  of  those  facts  ;  the  sim- 
plicity of  their  production;  the  harmony  of  their  display; 
their  analogy  to  some  of  the  most  mysterious  operations  of 
nature ;  and  their  general  tendency  to  improve  the  condition 
of  mankind,  and  inspire  the  most  sublime  ideas  that  the  mind 
is  susceptible  of  enjoying ;  without  entertaining  the  most  flat- 
tering hopes  of  the  success  of  a  well  conducted  Electrical  So- 
ciety. Indeed,  whoever  takes  a  general  survey  of  electricity, 
with  its  thousands  of  imposing  phenomena,  ramifying  through 
an  almost  endless  variety  of  nature's  productions,  and  forming 
the  most  important  experimental  science  ever  cultivated  by 
man,  can  feel  no  hesitation  in  acknowledging  the  probable 
utility,  at  least,  if  not  the  absolute  indispensability,  of  a  so- 
ciety wholly  devoted  to  its  cultivation ;  and  it  is  hardly  pos- 
sible that  he  can  quit  the  contemplation  without  experiencing 
feelings  of  astonishment  and  regret  that  such  a  society  had  not 
been  formed  and  matured  many  years  ago. 

The  last  forty  years  have  been  more  productive  of  electrical 
discovery  than  all  the  previous  centuries  embraced  in  the 
history  of  the  science;  yet  even  seventy  years  ago,  when 
electricity  had  not  assumed  half  the  importance  it  now  pre- 
sents, the  eminent  Priestly  saw  the  necessity  of  Electrical 
Societies,  as  will  be  understood  by  the  following  passage  from 
the  preface  to  his  History  of  Electricity.  ^'The  business  of 
philosophy  is  so  multiplied,  that  all  the  books  of  general 
philosophical  transactions  cannot  be  purchased  by  many  per- 
sons, or  read  by  any  person.  It  is  high  time  to  subdivide 
the  business,  that  every  man  may  have  an  opportunity  of 
seeing  every  thing  that  relates  to  his  own  favourite  pursuit; 
and  all  the  various  branches  of  philosophy  would  find  their 
account  in  this  amicable  separation.  Let  the  youngest  daugh- 
ter of  the  sciences  set  the  example  to  the  rest,  and  show 
that  she  thinks  herself  considerable  enough  to  make  her  ap- 
pearance in  the.  world  without  the  company  of  her  sisters.'* 

These,  gentlemen,  are  the  words  of  the  first  electrician  ci 
the  age,  written  in  the  year  1767;  long  before   Galvanism, 
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Electro-magnetism,  Thermo-electricity,  or  Magnetic-electri- 
city were  known.  If,  at  that  time.  Electricity,  the  then 
youngest  daughter  of  science,  was  considered  of  sufficient 
importance  to  make  her  appearance  in  the  world  alone,  what 
would  the  learned  Priestly  have  thought  had  he  lived  to  see 
her  make  such  progress  as  she  has  since  done ;  to  see  her  not 
the  youngest  daughter  of  science,  but  a  parent  of  other  sci- 
ences :  and  still  without  being  deemed  worthy  of  a  separate 
establishment  amongst  their  temples  ? 

When  speaking  of  incorporated  societies^  Dr.  Priestly  says, 
"  I  by  no  means  disapprove  of  large,  general,  and  incorporated 
societies.  They  have  their  peculiar  uses ;  but  we  see  by 
experience  that  they  are  apt  to  grow  too  large,  and  their  forms 
are  too  slow  for  the  despatch  of  the  minutiae  of  business  in 
the  present  state  of  philosophy." 

This  p£kssage  probably  alludes  to  the  Royal  Society ;  a  so- 
ciety for  which  I  shall  ever  entertain  the  highest  degree  of 
respect,  and  which  will,  I  hope,  always  maintain  the  elevated 
rank  it  has  hitherto  held  in  this,  and,  I  believe,  in  every  other 
civilized  country. 

Any  one  acquainted  with  the  rise  and  progress  of  institu- 
tions must  be  very  well  aware  that,  however  formidable  or  im- 
posing may  be  their  present  aspect,  most  philosophical  so- 
cieties, of  any  note,  have  commenced  under  very  humble 
circumstances,  generally,  by  the  uniting  of  a  few  friends 
who  were  favourable  to  scientific  pursuits.  It  is  well  known, 
for  instance,  that  the  Royal  Society  emanated  from  the 
praiseworthy  exertions  of  a  few  scientific  individuals  during 
the  time  of  the  civil  wars.  Its  members  rapidly  increased  in 
number,  and  no  society  has  contributed  more  to  the  advance- 
ment of  natural  and  experimental  knowledge,  than  the  Royal 
Society  has  done,  by  the  publication  of  its  memoirs,  under 
the  title  of  Philosophical  Transactions,  But  it  must  be 
acknowledged,  that  a  work  embracing  such  a  diversity  of 
subjects,  as,  from  the  nature  and  constitution  of  the  Royal 
Society,  are  necessarily  printed  in  its  transactions,  is  very 
fiir  from  being  well  adapted  for  the  perusal  of  those  experi- 
mentalists, whose  enquiries  are  directed  to  one  particular 
branch  of  science.  The  same  remarks  will  apply  to  the  trans- 
actions of  every  society  whose  object  it  is  to  promote,  indis- 
criminately, the  advancement  of  all  branches  of  natural  know- 
ledge, and  they  are  equally  applicable  to  every  periodical 
whose  contents  are  of  a  miscellaneous  character. 

It  is  true  the  philosophical  transactions  are  enriched  by 
communications  from  men  distinguished  in  almost  every 
department  of  science ;  and,  from  the  variety  of  topics  they 
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embrace,  may  be  consulted  with  nearly  equal  advantage  by 
the  astronomer,  the  geometer,  the  natural  historian,  the 
anatomist,  the  physiologist,  the  chemist,  and  the  electrician ; 
but  the  astronomer  has  seldom  a  desire  to  be  impeded  in  his 
favourite  pursuit  by  having  to  traverse  the  memoirs  of  the 
chemist,  or  the  electrician;  nor  has  the  physiologist  any 
particular  wish  to  read,  much  less  to  purchase,  the  works  of 
either  of  them.  It  is  thus  that  valuable  papers,  on  par- 
ticular subjects,  are  entirely  lost,  to  those  who  would  take  the 
greatest  interest  in  perusing  them;  and  facts,  which  are 
now  re-appearing  as  new  discoveries,  have  long  lain  smother- 
ing amongst  heaps  of  records  on  topics  entirely  foreign  to 
them. 

Sensible  of  these  impediments  to  the  progress  of  their  in- 
dividual sciences,  the  Astronomers,  Geologists,  Horticulturists, 
Engineers,  Entomologists,  and  some  other  classes  of  scientific 
men,  have  found  it  advisable  to  form  themselves  into  distinct 
societies  for  the  propagation  of  their  respective  branches  of 
research.  And  it  is  really  surprising  that  electricians,  the 
importance  of  whose  labours  is  second  to  none,  should  so 
long  have  permitted  themselves  to  remain  disunited  and 
insulated  from  each  other.  Electricity,  however,  has  hitherto 
been  left  to  struggle  through  the  exertions  of  individuals, 
many  of  whom,  having  fettered  themselves  with  certain 
hypotheses,  appear  more  intent  on  advocating  particular  theo- 
ries than  in  mrthering  the  cause  of  the  science. 

It  is  possible,  I  imagine,  that  some  may  be  of  opinion  that, 
as  the  present  age  has  produced  so  many  experimentalists  of 
acknowledged  ability,  electricity  may  be  safely  left  in  their 
hands.  I  am  myself  of  that  opinion ;  and  it  is  one  of  the 
principal  objects  of  this  Society  to  place  it  in  their  hands 
unitedly,  and  as  a  body  of  electricians.  The  Committee, 
therefore,  invite  every  electrician  to  join  this  Society,  being 
confident  that,  by  their  united  labours,  electricity  will  speedily 
be  placed  on  the  same  footing  as  the  most  acknowledged  exact 
science.  But,  if  the  cultivation  of  electricity  were  to  be  still 
left  to  the  caprice  of  individuals,  it  is  not  likely  that  their  theo- 
retical opinions  would  soon  be  reconciled  to  each  other.  Many 
of  them  would  be  still  left  to  flutter  on  the  wings  of  vain  hope, 
and  ponder  away  their  valuable  time  in  whimsical  hjrpotheses 
which  have  no  reality  in  nature.  It  would  be  easy  to  swell 
out  this  address  with  the  hypothetical  incongruities  of  the 
present  day ;  but  I  forbear.  Their  only  use  is  to  show  how 
cautious  we  ought  to  be  in  receiving  as  axioms  the  opinions 
of  individuals,  howevei'  eminent  they  may  be  esteemed  for 
their  scientific  attainments. 
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Electricity  is  yet,  and  must  for  some  time  remain,  a  sci- 
ence of  experiment  and  observation ;  and  the  advice  of  Dr. 
Franklin,  to  one  who  asked  him  for  his  opinion  as  to  some 
hypothesis  which  he  was  anxious  to  advocate,  cannot  be  too 
literally  followed.  '*  I  would  recommend  you,"  said  the  philoso- 
pher, *^to  employ  your  time  rather  in  making  experiments, 
than  in  making  hypotheses  and  forming  imaginary  systems, 
which  we  are  all  apt  to  please  ourselves  with  until  some  ex- 
periment comes  and  unluckily  destroys  all  our  expectations." 

The  importance  of  Electricity  has  invariably  been  a  sub- 
iect  of  much  comment  at  the  annual  meetings  of  the  British 
Association;  and  many  valuable  papers,  on  certain  branches 
of  electrical  science,  have  appeared  in  the  volumes  of  its 
transactions :  but  it  has  not  unfrequently  happened  that  mat- 
ter of  the  greatest  importance  to  the  general  interests  of  the 
science,  which  has  been  elicited  at  the  discussions,  has  been 
suffered  to  be  entirely  lost,  excepting  to  those  few  who  had 
the  good  fortune  to  be  present.  Every  one  who  has  attended 
the  meetings  must  acknowledge  this  fact.  Indeed,  even  those 
persons  who  have  been  fortunate  enough  to  get  their  papers 
read,  or  apparatus  exhibited,  have  usually  been  so  hurried, 
from  a  want  of  sufficient  time  being  allowed,  to  enable  them 
to  proceed  in  the  calm  uninterrupted  manner  essential  to  give 
fiill  effect  to  their  performances,  that  the  principal  part  of 
the  object  for  bringing  them  forward  has  been  entirely 
defeated;  while  important  information  on  certain  points, 
which  might  probably  have  been  developed  by  discussion, 
has  been  absolutely  stifled,  by  the  pressure  of  other  matter, 
possessing,  perhaps,  equal  claim  to  attention,  at  the  same 
physical  section. 

It  must,  however,  be  acknowledged,  that  much  praise  is 
due  to  the  projectors  of  the  British  Association.  Its  mi- 
gratory meetings  are  well  calculated  to  awaken  the  latent 
faculties  of  the  thousands  who  attend  them,  and  to  inspire  a 
spirit  of  scientific  emulation  throughout  every  province  in 
the  land.  But  its  business  is  multifarious;  and  its  transac- 
tions, which  appear  annually,  are  necessarily  of  a  miscellaneous 
character.  Moreover,  much  that  is  valuable,  which  tran- 
spires at  the  discussions,  never  appears  in  them;  and  which,  if 
ever  published  at  all,  is  by  means  of  other  journals.  But  I 
shall  not  dwell  any  longer  on  the  proceedings  of  other 
societies,  each  of  which  has  its  particular  uses,  and  is  produc- 
tive of  more  or  less  good  to  the  general  interests  and  welfare 
of  mankind.  I  have  mentioned  these  for  the  purpose  of  show- 
ing that  their  province  is   to  propagate  natural  knowledge 
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generally,  and  that  they  are  not  devoted  to  the  culture  of  any 
particular  branch. 

This  society  has  been  formed  for  the  purpose  of  offering  to 
the  cultivators  of  electrical  science  an  opportunity  of  avoiding 
the  various  impediments  which  have  hitherto  been  placed  in 
the  way  of  their  own  particular  study.  The  Committee  will 
afford  every  facility  for  the  publication  of  their  discoveries,  as 
well  as  to  their  descriptions  of  new  instruments,  in  the  vo- 
lumes of  the  transactions  of  the  Society,  which  will  be  illus- 
trated with  appropriate  diagrams,  and  devoted  to  no  other 
subject  than  the  various  branches  of  Electricity.  By  thus 
encouraging  the  cultivation  of  the  science,  the  Committee 
feel  an  entire  persuasion  that  the  number  of  members  forming 
this  society  will  speedily  increase,  and  the  progress  of  Elec- 
tricity will  thereby  be  rapidly  promoted. 

It  has  been  stated,  and  I  am  aware  with  some  truth,  that, 
hitherto,  the  management  of  the  different  philosophical  so- 
cieties of  London  has  generally  fallen  on  the  same  indivi- 
duals. That  the  prominent  and  most  efficient  members  of 
the  Royal  Society  are  also  those  of  the  Astronomical,  Geologi- 
cal, and  other  Societies,  and  that  it  is  impossible  these  gen- 
tlemen can  devote  any  more  of  their  valuable  time  to  the 
services  of  any  other,  however  important  its  object,  or  how- 
ever much  it  may  be  required. 

There  is  no  one  would  more  deeply  regret  than  myself  our 
being  deprived  of  the  co-operation  of  such  distinguished  in- 
dividuals as  now  adorn  the  councils  of  those  societies ;  and  it 
is  with  a  view  of  securing  to  the  Electrical  Society  the  ad- 
vantages derivable  from  the  services  of  those  eminent  men^ 
that  the  Committee  have  advised  the  number  of  resident 
members  to  be  augmented  to  one  hundred  before  its  offi- 
cers are  elected;  and,  sooner  than  the  Society  should  lose 
any  opportunity  of  securing  the  assistance  of  such  eminent 
talent,  I  should  strongly  recommend  even  that  number  to  be 
increased  before  its  council  is  formed.  But  should  we  even 
not  be  fortunate  enough  to  enrol  such  names  in  the  lists  of 
our  council,  there  can  be  no  fear  as  to  the  general  result. 
The  number  of  individuals  previously  unknown  in  the  annals 
of  science,  who  have,  within  the  last  few  years,  devoted  their 
time  as  well  as  pecuniary  means  to  the  cultivation  of  electricity, 
affords  this  Society  everyprospect  of  receiving  their  assistance; 
whilst,  on  its  part,  it  will  become  a  parent  to  foster  and 
cherish  their  investigations;  a  grand  storehouse  in  which  they 
may  repose  the  rich  productions  of  their  labours,  and  a  temple 
for  their  kindred  spirits'  resort. 

I  am  well  aware  that  many  are  of  opinion,  that  those  alone 
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who  are  deeply  skilled  in  experimental  investigation  can  really 
be  useful  to  science.  Such  an  idea  is  as  groundless  as  it  is 
detrimental  to  the  progress  of  any  particular  branch.  Let 
no  one  imagine  that  he  cannot  render  science  a  service.  I 
have  already  stated  that  electricity  is  a  science  of  experiment 
and  observation;  and,  therefore,  this  Society  cannot  receive 
greater  assistance  than  by  the  communication  of  such  facts 
as,  from  time  to  time,  come  under  the  notice  of  its  members. 
The  Secretary  will  at  all  times  be  happy  to  receive  such  com- 
munications, and  lay  the  same  before  the  Committee ;  and 
should  any  member  require  information  as  to  the  proceed- 
ings of  the  Society,  he  has  only  to  address  a  letter  to  the  Secre- 
tary,  who  will  immediately  attend  to  his  request. 

These  facilities,  gentlemen,  will,  I  hope,  be  an  inducement 
for  our  amateur  experimentalists  to  join  the  Electrical  So- 
ciety, by  whose  fostering  care,  and  their  own  perseverance, 
they  will  gradually  acquire  dexterity  and  confidence  in  their 
performances,  and  will  eventually  become  distinguished  and 
valuable  electricians. 

There  is  another  circumstance  to  which  I  must  allude 
before  I  close  my  observations.  It  is  intended  by  the  Com- 
mittee, that  the  surplus  of  the  income  derived  from  the  sub- 
scriptions over  the  current  expenditure,  will  be  principally 
devoted  to  the  publication  of  our  transactions.  This  will 
give  every  member,  whether  present  or  not  at  our  evening 
meetings,  an  opportunity  of  knowing  the  progress  which 
the  Society  is  making. 

Before  concluding  this  address,  it  perhaps  may  be  necessary 
to  allude  to  the  circumstances  from  which  this  Society 
originated,  as  well  as  to  the  nature  of  the  meetings  which  have 
hitherto  been  held  under  its  auspices.  In  the  spring  of  the 
present  year,  I  delivered  a  course  of  lectures  on  electro-mag- 
netism and  magnetic  electricity,  at  Mr.  Clarke's,  Philosophi- 
cal Instrument  Maker,  Lowther  Arcade.  At  the  close  of 
each  evening's  lecture,  a  conversation  generally  ensued  among 
the  gentlemen  who  honoured  me  with  their  attendance  ;  and 
the  want  of  a  Society  for  the  encouragement  of  electrical 
pursuits  was  occasionally  spoken  of,  and  universally  acknow- 
ledged. On  the  16th  of  May,  a  few  of  those  gentlemen 
met;  and  after  some  discussion  as  to  the  best  mode  of  es- 
tablishing such  a  Society,  it  was  agreed  that  the  attempt 
should  be  made.  The  first  of  our  meetings  took  place  on 
the  10th  June,  and  they  were  continued  each  succeeding 
Saturday,  untU  the  12th  of  August,  the  number  of  members 
gradually  increasing  the  whole  of  the  time.  On  each  evening, 
one  or  more  papers  were  read,  and  several  animated  discus- 
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sions  took  place^  visitors  being  allowed,  by  the  rules  of  the 
Society,  to  take  a  part. 

Scarcely  a  meeting  has  passed  without  some  new  apparatus 
being  produced  on  the  tables  ;  and  I  can,  without  hesitation, 
refer  to  the  members,  as  well  as  to  the  visitors,  for  their  ap- 
proval of  the  order  and  regularity  of  our  proceedings.  The 
Society  soon  found  it  indispensable  that  they  should  have 
more  accommodation ;  and  the  liberality  of  the  council  of  the 
institution,  under  whose  roof  we  are  now  assembled,  has 
aiForded  us  an  opportunity  of  carrying  out  the  original  re- 
solutions, even  to  a  greater  extent  than  we  had  anticipated. 

In  addition  to  the  Theatre,  the  council  have  offered  us  the 
use  of  the  apparatus  belonging  to  the  establishment ;  and  I 
look  forward,  with  confidence,  that  the  close  of  the  present 
session  will  find  us  sufficiently  increased  in  number  to  enable 
the  Committee  to  state  in  their  report,  that  the  Society  is 
sufficiently  matured  to  have  its  officers  elected. 

In  conclusion,  I  may  state  that  the  Society  has  already 
secured  the  services  of  an  able  and  efficient  secretary,  and 
of  a  Committee  whose  members  are  indefatigable  in  their 
exertions,  and  in  whose  hands  the  interests  of  the  Society 
may,  with  confidence,  be  reposed,  until  its  numbers  are  suf- 
ciently  augmented  to  form  a  permanent  council  and  appoint 
its  officers. 

From  the  attention  with  which  you  have  honoured  me, 
gentlemen,  whilst  delivering  this  address,  and  the  repeated 
demonstrations  of  approbation  which  you  have  so  kindly  man- 
ifested on  the  various  topics  which  I  have  noticed,  I  cannot 
but  flatter  myself  that,  notwithstanding  my  inability  to  do 
justice  to  the  subject  I  have  ventured  to  discuss,  I  have  suc- 
ceeded in  convincing  you  of  the  necessity  for,  as  well  as  the 
prospects  of,  the  London  Electrical  Society ;  and  I  have  no 
doubt  that  as  sodn  as  the  objects  of  this  Society  become  more 
generally  known,  its  utility  will  be  proportionately  appreciated; 
and  its  interests  permanently  secured,  by  the  number  and 
ability  of  its  members,  whose  talents  will  soon  be  united  in 
rendering  it  support. 


October  14.  Mr.  Golding  Bird  read  a  paper  on  a  new  ar- 
rangement of  the  electro-magnetic  apparatus.  It  would  be 
difficult  to  describe  the  modus  operandi  of  Mr.  Bird's  arrange- 
ment, without  diagrams.  The  bars  of  the  induced  magnet 
are  upright;  over  one  of  the  poles  of  which  is  suspended  a 
small  ball  of  soft  iron:  on  its  being  attracted,  contact  is 
broken.     This  destroys  the  magnetic  influence ;  the  ball  re- 
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gains  its  original  position;  and  contact  is  renewed,  which 
again  induces  powerful  magnetism.  It  is  thus,  as  it  were,  re- 
gulated by  its  own  agency :  and  Mr.  Bird  considered  that  more 
powerful  effects  are  thereby  produced  than  by  any  other  elec- 
tro-magnetic apparatus. 

In  conclusion,  Mr.  Bird  explained  that  he  did  not  consider 
himself  the  inventor  of  a  new  apparatus,  he  merely  pointed 
out  new  arrangements  in  the  hopes  of  their  becoming  really 
useful. 

October  21.  Mr.  Pollock  read  a  paper  on  the  change  of 
form  which  the  compound  elements  of  a  voltaic  arrangement 
undergo;  the  transition  of  the  zinc  from  the  state  of  metal  to 
that  of  oxide;  the  transition  of  the  oxygen  from  the  state  it 
exists  in  water  to  that  in  oxide  of  zinc  ;  and  the  change  effected 
by  the  union  of  the  acid  of  the  solution  with  the  oxide  of 
zinc :  the  consequent  increase  and  diminution  of  space  occu- 
pied and  the  electric  condition  resulting.  A  paper  was  also 
presented  to  the  Society,  the  result  of  actual  experiments 
proving  that  voltaic  electric  currents  can  and  do  pass  along  a 
wire  in  contrary  directions. 

October  23.  Mr.  Bachhoflher  read  a  paper  which  he  illus- 
trated by  a  number  of  experiments  with  the  electro-magnetic 
coil.  Mr.  B.  exhibited  a  battery  weighing  only  113  grains, 
which  (with  the  asistance  of  a  coil)  would  afford  most  intense 
shocks,  as  well  as  decompositions.  In  a  former  paper  Mr.  B. 
had  stated  that  the  insertion  of  a  bundle  of  wires  m  the  axle 
of  the  coil  increased  its  power  two  fold — ^he  would  now  say 
twenty  fold.  The  chemical  effects  likely  to  be  produced  from 
the  action  of  the  coil  offer  a  wide  field  of  research. 

Kovember  4.  Mr.  Leithead.  Hon,  Sec,  read  a  paper  on 
the  circumstances  attending  the  production  of  the  various 
electrical  phenomena.  Mr.  L.  assuming  that  electricity  is  a 
fluid,  proceeded  to  explain  the  varieties  of  electrical  action  by 
analogy.  The  existence  of  such  a  fluid  not  being  known,  all 
that  is  meant  by  the  assimiption  is  that  the  observed  effect  is 
similar  to  that  which  would  take  place  if  produced  by  a  fluid 
subject  to  certain  laws  of  action  assigned  to  it,  after  careful 
experimental  investigation.  The  mode  of  treatment  was  a 
comparison  of  the  mechanical  properties  of  elastic  fluids,  and 
the  effects  produced  with  those  which  are  dependant  upon 
electrical  excitement ;  chiefly  relating  to  the  powers  of  at- 
traction and  repulsion. 

Mr.  Leithead  considered  that  the  presence  of  oxygen  is 
essential  to  the  development  of  electricity,  both  dry  or  ordi- 
nary, as  it  is  termed,  and  voltaic;  but  in  the  latter  it  seems 
necessary  that  both  hydrogen  and  oxygen  should  be  present. 
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for  ao  voltaic  action  can  be  obtained  without  moisture :  and 
it  is  not  unworthy  of  notice,  that  while  the  passage  of  dry 
electricity  between  two  bodies  is  always  attended  by  the  evo- 
lutions of  light,  the  passage  of  voltaic  electricity  is  usually 
accompanied  by  evolution  of  heat. 

The  author  announced  his  intention  of  discussing  the  sub- 
ject in  a  future  paper,  to  be  supported  by  experiments. 

JVovember  18.  Mr.  Pollock  read  a  continuation  of  the 
paper  presented  by  him  on  October  21,  and  replied  to  the  ob- 
jections then  raised,  which  may  be  defined  under  three  heads, 
viz. — 1.  Want  of  experiments  to  show  the  changes  that  take 
place.  2.  Chemical  action  not  the  cause  of  all  electrical 
action.  3.  The  phenomena  may  be  explained  by  the  exa- 
mination of  the  properties  of  matter  independently  of  any 
fluid.  It  is  impossible  in  a  short  abstract  to  do  justice  to  Mr. 
Pollock's  paper.  We  believe  it  is  the  intention  of  the  Com- 
mittee to  publish  it  in  the  transactions  of  the  Society.  But 
we  may  add  that  Mr.  P.  considers  that  although  it  might  be 
possible  to  explain  the  phenomena  of  the  battery  according 
to  the  commonly  received  laws  of  matter,  yet  the  balance  of 
probability  is  in  favour  of  the  existence  of  a  species  of  mat- 
ter called  an  electric  fluid,  whose  parts  are  so  intensely  small 
that  the  attractive  force  between  themselves  and  surroimding 
matter  exceeds  that  within  themselves.  This  property  is  all 
that  is  required  to  explain  the  phenomena  dependant  on  an 
electric  fluid ;  and  such  matter  must  be  highly  elastic,  highly 
diffiisive,  and  strongly  disposed  to  pass  in  the  direction  of 
least  resistance. 

December  5.  Mr.  Sturgeon  read  a  ps^r  on  experimental 
and  theoretical  researches  in  electricity.  This*  paper  was  the 
first  of  a  series,  and  will  appear  in  our  next  number. 

December  16.  A  paper  written  by  Mr.  R.  W.  Fox,  of  Fal- 
mouth, was  read,  describing  efiecte  produced  by  voltaic  action 
on  clay.  Several  specimens  of  the  clay  were  placed  on  the 
table,  distinctly  showing  the  laminated  form  in  which  that 
substance  is  arranged,  when  placed  in  an  electrical  circuit. 

A  paper  was  recS  by  Mr.  J.  V.  Moore,  Assistant  Secretary, 
translated  by  him  firom  the  one  presented  to  the  Acad^mie  des 
Sciences  of  Paris,  at  its  meeting  of  30th  Oct.,  1837,  and 
printed  in  their  transactions* 

This  paper  describes,  very  fiiUy,  the  character  and  species 
of  the  insect  which  has  obtained  so  much  notoriety,  in  con- 
sequence of  the  experimental  researches  of  Mr.  Crosse.  We 
understand,  at  the  next  meeting  of  the  Society,  a  paper  will 
be  presented  from  Mr.  Crosse,  which  we  have  no  doubt  will 
remove  many  erroneous  impressions  andplace  in  a  proper  light 
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the  experiments  and  discoveries  of  a  gentleman  who  has  de- 
voted so  much  of  his  time  as  well  as  his  great  resources  to  the. 
science. 

A  paper  was  read  by  Mr.  W.  M.  Higgins  on  the  originality 
of  Dr.  Faraday's  Voltameter,  with  an  account  of  the  instru- 
ment used  by  Mr.  Robertson,  as  described  by  him  in  the 
Annales  de  Chemie  of  1801. 


IX.     REVIEWS  &   NOTICES   OF  NEW  BOOKS. 

Chemistry  as  applied  to  the  Fine  Arts.  By  George  H. 
Bachhoffner,  Esq.  Lecturer  on  Chemistry.  Carpenter 
AND  Co.,  Old  Bond  Street, 

A  book  of  this  kind  has  long  been  wanting  amongst  painters 
of  every  description,  as  well  as  amongst  that  superior  class  of 
them  to  whom  the  work  before  us  is  particularly  addressed. 
There  are  several  painters,  however,  who  have  a  very  good 
knowledge  of  the  chemical  properties  of  the  materials  they 
employ,  both  as  regards  their  manufacture  and  their  in- 
fluences on  each  other.  But  it  is  a  lamentable  fact,  that  they 
who  possess  this  highly  essential  qualification,  are  exceedingly 
few  in  number,  when  compared  with  the  thousands  who  are 
entirely  ignorant  of  any  chemipal  process  whatever.  Man, 
however,  is  an  imitative  being;  and  progressively  contributes 
to  his  previous  stock  of  knowledge  as  new  sources  are  pre- 
sented to  him,  or  as  facilities  are  placed  in  his  way,  to  the 
acquirement  of  that  information  he  had  previously  wished  to 
possess.  This  natural  propensity,  so  strongly  evinced  in  the 
wildest  tribes  of  our  race,  is  ijifinitely  more  manifested  in 
civilized  communities,  where  many  and  various  motives  for 
enterprise  excite  a  spirit  of  emulation  unknown  to  those  na- 
tions who  still  remain  uninitiated  in  the  arts  of  social  and 
domestic  life.  The  laudable  desire  to  ^^  excel"  is  now  so 
strikingly  marked  amongst  our  artisans  of  every  description, 
that  few  are  to  be  found,  at  the  present  day,  who  would  like 
to  be  considered  totally  ignorant  of  the  principles  of  their 
trade;  or  even  incompetent  of  availing  themselves  of  those 
advantages  which  a  better  knowledge  of  some  mrticular  point 
of  their  profession  enables  others  to  take.  This,  however, 
is  the  precis^  condition  of  those  painters  who  are  not  ac- 
quainted with  the  chemical  influences  of  the  colours  they  em- 
ploy, and  how  they  are  affected  by  the  chemical  agencies  of 
the  gaseous  media  to  which  they  are  constantly  exposed. 
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Books  on  general  chemistry  are  too  large,  and  their  most 
essential  articles  too  diffuse,  for  the  perusal  of  those  artists 
who  require  no  more  chemical  knowledge  than  that  which  is 
necessary  to  enable  them  to  proceed,  in  a  scientific  manner, 
in  the  selection  and  composition  of  their  colours.  It  is  thus 
that  Mr.  Bachhoflfoer's  *^  Chemistry  as  applied  to  the  fine 
arts"  will  be  found  a  valuable  acquisition  to  those  who  have  a 
desire  to  become  scientific  painters.  It  supplies  the  desidera- 
tum they  have  hitherto  experienced ;  and  places  within  their 
reach,  and  without  the  encumbrance  of  other  matter,  all  the 
chemical  information  necessary  for  their  profession.  The 
author  has  made  a  good  selection  and  arrangement  of  his 
subjects;  and  has  given  an  extensive  "  table  of  the  composi- 
tion of  the  most  important  pigments"  at  the  close  of  the 
volume.  The  work  is  very  well  got  up,  and  is  one  which  we 
would  strongly  recommend  to  the  artist.  We  are  glad  to  see 
a  good  list  of  subscribers'  names  attached  to  it;  and  have  no 
doubt  of  its  having  an  extensive  sale. 


ELEcrRiciTY.  Its  nature,  operation^  and  importance  in 
the  Phenomena  of  the  Universe.  5y  William  Leithead, 
Esq.,  .  Secretary  to  the  London  Electrical  Society. 
Longman  &  Co,  Paternoster  Row. 

The  work  before  us  is  divided  into  two  principal  parts;  the 
former  of  which  may  be  considered  as  an  introduction  to  the 
latter.  The  author  has  stated  in  his  preface,  that  his  perfor- 
mance "  has  no  pretensions  to  the  title  of  a  scientific  treatise; 
his  object,  in  the  Jirst  part  of  the  work,  being  simply  to  ex- 
plain the  several  varieties  of  electrical  action  as  to  enable  the 
non-scientific  reader  to  understand  the  modus  operandi  of  the 
electric  fluid,  in  producing  the  different  phenomena  which  are 
treated  of  in  the  second  part:"  in  which  ^^he  trusts  that  he 
has  not  advanced  any  proposition  that  is  not  founded  upon, 
and  supported  by,  acknowledged  facts. 

From  our  personal  acquaintance  with  Mr.  Leithead,  and 
the  respect  we  have  always  entertained  for  his  abilities  and 
candour,  we  are  fiiUy  convinced  that  every  part  of  his  per- 
formance in  this  pleasingly  written  book  is  perfectly  con- 
scientious; and  brought  forward  with  the  best  of  motives: 
that  of  being  useful  in  furthering  our  knowledge  in  the 
important  branch  of  science  to  which  it  is  particularly 
devoted.     We  are,  therefore,  under  no  apprehensions  of  ap- 
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pearing  unfriendly  towards  Mr.  Leithead;  by  reminding  our 
readers  that  there  are  too  many  authors  who  write  on  experi- 
mental science^  who  entirely  lose  sight  of  the  important  dif- 
ference between  "  acknowledged  facts"  and  acknowledged 
assertions :  and  we  are  sorry  to  observe  in  the  work  before  us 
some  excellent  reasoning  resting  upon  no  other  basis  than  the 
latter  class  of  data.  "  Who,"  says  our  author,  "  has  not  at 
times  experienced  that  painful  depression  of  spirits,  accom- 
panied with  unpleasant  sensations  of  chillness,  and  other 
*  nervous'  feelings,  on  one  of  those  gloomy  days  without  rain, 
and  when  the  wind  is  easterly?  The  sensation  of  cold,  at  such 
times  is  attributable  to  some  peculiar  atmospheric  influence, 
for  there  is  no  corresponding  depression  in  the  thermometer." 
This  is  certainly  a  very  extraordinary  fact ;  but  we  cannot 
*^  find  a  sufficient  solution  in  the"  assertion  "  that  on  such  a 
day  as  we  have  described,  the  electroscope  invariably  indicates 
a  negatively  electrical  state  of  the  atmosphere:"  because  we 
are  well  convinced  from  our  own  experience  (which  is  consi- 
derably extensive)  that  the  electroscope  indicates  no  such 
thing:  nor  do  we  know  from  what  source  the  supposed  "fact" 
has  been  derived.  At  page  279,  Mr.  Leithead  has  taken  ad- 
vantage of  the  acknoioledged  assertion  that  *^  electricity  is 
said  to  move  only  along  the  surfa^ce  of  bodies ;"  and  has  in- 
geniously applied  it  to  the  explanation  of  what  Majendie  has 
said  regarding  the  functions  of  the  spinal  marrow;  viz.  ^^  it 
is  at  the  surface  of  the  organ  that  its  properties,  as  far  as  re- 
gards motion  and  sensibility,  are  better  unfolded." 

Speaking  of  the  last  appearance  of  the  Spasmodic  Cholera 
in  this  country,  Mr.  Leithead  says,  *^  During  the  autumn,  at 
the  close  of  which  this  disease  first  made  its  appearance  at 
Sunderland,  thunder  storms  were  more  than  usually  fi-equent 
and  violent.  And,  what  is  remarkable,  a  very  short  time 
before  the  irruption  of  the  disease,  that  the  nights  were 
characterised  by  a  highly  electrical  state  of  the  atmosphere, 
and  by  the  incessant  discharges  of  the  electric  fluid  in  that 
form  which  has  received  the  appropriate  term  of  silent  light- 
nins,  owing  to  its  being  unaccompanied  with  thunder." 

We  do  not  remember  meeting  with  this  "  appropriate  term" 
before ;  nor  do  we  think  that  it  expresses  any  thing  more  definite 
than  silent  thunder  would  do.  For  it  is  on  no  other  account 
than  that  the  storm  is  too  distant,  that  the  thunder  accom- 
panying this  lightning  is  not  heard  by  the  observer.  ''Sheet 
lightning"  is  the  usual  term  for  such  appearances,  which,  if 
to  "  windward"  never  deceives  the  experienced  observer,  of 
the  speedy  approach  of  the  electric  storm. 

If  the  electric  state  of  the  atmosphere  exhibited  any  pecu- 
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liarities  at  the  time  mentioned  in  the  preceding  extract,  the 
circumstance,  connected  with  the  appearance  of  the  cholera, 
is  very  interesting;  and  Mr.  Leithead  has  turned  the  con- 
nexion to  good  account.  But  we  are  afraid  that  his  argument 
is  not  much  strengthened  by  the  following  data.  **  During 
the  whole  period  of  the  prevalence  of  the  malignant  cholera 
at  Liverpool,  in  the  fall  of  the  year  1832,  the  magnetic 
needle  (adapted  with  the  collecting  wires  so  as  to  be  deflected 
feast  or  west,  accordingly  as  the  atmosphere  was  positive  or 
negati>re)  continued  steadily  to  point  about  eleven  degrees 
west  of  north,  thus  indicating  a  constantly  negative  state  of 
the  air,  &c."  As  the  object  of  our  remarks  is  not  to  find 
fault  with  observers,  but,  if  possible,  prevent  future  error, 
we  will  merely  say,  that  we  have  seen  the  instrument  by  which 
these  observations  were  made,  and  are  perfectly  convinced 
that  neither  the  motions  nor  positions  of  its  neeale  are  indi- 
cative of  the  electrical  state  of  the  atmosphere.  We  have  no 
room  at  present  for  further  remarks  on  Mr.  Leithead's 
"  Electricity."  But,  because  of  the  important  matter  con- 
tained in  the  second  part  of  the  work,  its  judicious  arrange- 
ment, and  the  interesting  inferences  which  accompany  it,  we 
mean  to  read  it  over  again,  and  may  possibly  be  led  to  offer 
some  futther  observations  to  our  readers.  In  the  mean  time 
we  recommend  it  to  the  attention  of  the  physiologist  and 
metaphysician,  who  will  discover  a  considerable  display  of 
talent,  without  ostentation,  in  their  respective  departments 
of  research* 


X.    MISCELLANEOUS  ARTICLES. 


We  have  just  received  a  letter  from  Dr.  Hare,  Professor  of 
Chemistry,  in  the  University  of  Pennsylvania,  from  which 
the  following  is  an  extract. 

^^I  have  just  obtained  a  new  nitrous  ether  which  is  sweet 
to  the  taste,  boils  at  60*  F.  affecting  the  palate  with  the 
savoury  taste  and  after  gout  of  acridity  which  distinguishes 
cinnamon.  It  smells  like  chlorine  ether,  obtained  by  mingling 
chlorine  with  olifiant  gas." 

I  am,  yours  truly, 

ROBERT  HARE. 
Mr.  fVm.  Sturgeon. 
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Rejoinder  to  Mr.  R.  W,  Fox's  note  m  the  first  volume  of 
the  Annals  of  Electricity^  P^g^  507.  By  W.  J.  Henwood, 
F.  G.  S.,  Secretary  of  the  Royal  Geological  Society  of 
Cornwall^  H,  M.  Assay  Master  of  Tin. 

To  William  Sturgeon,  Esq.,  8fc.  Sfc.  8fc. 

My  dear  Sir, 

Mr.  R.  W.  Fox  has  neither  fairly  met  nor  answered  the 
objections  which  I  have  made  (Annals  of  Electricity,  I,  228,) 
to  his  explanation  of  his  modification  of  M.  Becquerel's  expe- 
riments. My  own  experiments,  although  more  simple  than 
those  of  M.  Becquerel,  are  like  them,  but  unimportant  varia- 
tions from  the  distinguished  Frenchman's  mode,  and  their 
results,  where  comparable,  are  similar.  We  diflFer  only  as  to 
the  explanation  of  them.  Mr.  R.  W.  Fox  thinking  the 
appearances  presented,  to  result  from  the  decomposition  of 
the  solid  (the  pyrites,  or  double  sulphuret  of  copper  and  iron) 
by  the  abstraction  of  the  iron  and  a  part  of  the  sulphur ; 
whilst  I  (following  M.  Becquerel)  believe  them  to  be  in  con- 
sequence of  the  decomposition  of  the  sulphate  of  copper  in 
solution,  and  the  deposit  of  the  sulphuret  of  copper  on  the 
pyrites. 

If  the  ore  "  has  been  changed  to  some  depth,'*  the  abstrac- 
tion of  the  sulphur  and  iron  would  have  shown  a  diminution 
of  its  weight;  without  its  being  "stripped"  in  the  manner 
described  (Annals  I,  507). 

Indeed,  it  is  obvious  that  this  process  (so  superfluous  if  his 
explanation  be  the  true  one)  cannot  be  practised  without  some 
of  the  pyrites  being  also  "  stripped"  off. 

I  think  it  is  plain  that  instead  of  meeting  my  objections  by 
experimental  proofs,  it  is  intended  to  get  rid  of  them  by  a 
"  side  wind." 

I  remain,  my  dear  sir, 
Yours  very  faithfully  and  respectftdly, 

W.  J.  HENWOOD, 

4,  Clarance  Street,  Penzance, 
October  30,  1837. 

P.  S.  I  have  already  (Annals  I,  132,)  expressed  my  dissent 
from  the  theory  of  the  origin  of  metalliferous  veins,  which 
Mr.  R.  W.  Fox  has  recently  propounded;  and  I  shall  be  ready, 
whenever  an  unobstructed  opportunity  may  occur,  or  it  may 
be  required,  to  produce  evidence  derived  from  the  mines  of 
Cornwall,  which  I  think  will  be  conclusive  against  it. 
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From  the  number  of  orders  for  electro-magnetic  coil  machines^ 
and  the  enquiries  respecting  the  particulars  of  their  structure 
and  price,  which  have  been  received  since  the  publication  of 
the  last  number  of  the  Annals,  we  are  led  to  believe  that  the 
postscript  at  page  484  has  conveyed  a  very  diflFerent  idea  to 
that  which  was  intended.  We  therefore  beg  permission  to  say 
that  we  cannot  possibly  attend  to  any  more  orders  for  these 
instruments.  They  are  now  pretty  well  known  to  the  London 
Instrument  makers,  to  whom  we  must  refer  those  gentlemen 
who  are  still  in  want  of  them.     Edit. 


In  answer  to  our  correspondent  who  wants  to  know  ^^if  it 
be  possible  to  suspend  a  needle  in  the  air  by  transmitting  an 
electric  current  through  a  helix  in  which  the  needle  or  bar  is 
lying,"  we  must  say,  yes.  The  fact  was  first  shown  at  the 
London  Institution,  Moorfields.  The  battery  employed  was 
contrived  by  Mr.  Pepys,  and  consisted  of  a  single  pair  of  plates, 
of  copper  and  zinc,  each  about  50  feet  long,  and  2  feet  broad ; 
formed  into  a  spiral  on  a  cylindrical  nucleus  of  wood,  and 
placed  in  a  barrel  or  circular  wooded  trough,  which  held  about 
50  gallons  of  acid  solution.  The  experiment  may  be  made, 
however,  with  a  battery  of  one  square  foot  of  each  metal, 
immersed  in  a  strong  Solution  of  nitrous  acid.  The  helix 
must  be  of  narrow  bore ;  of  6  or  8  layers  of  spirals,  and  held 
vertically.  The  gravitating  propensity  of  the  needle  may  be 
much  reduced  by  holding  a  bar  magnet  at  a  small  distance 
above  the  helix.     Edit. 


We  have  received  from  our  correspondent  at  Munich, 
Gauss  and  Weber's  ^^Resultate  aus  den  Beobactungen  des 
Magnetischen  Vereins  im  jahre  1836.*'  Also  the  translated 
part  of  that  valuable  work ;  which  shall  soon  have  a  place 
m  the  "  Annals  of  Electricity,  &c." 

As  we  are  confident  that  the  English  reader  will  be  highly 
interested  with  the  progress  of  science  in  Germany,  we  intend, 
whenever  we  have  room  in  these  Annals,  to  publish  all  the 
novel  matter  in  experimental  science  that  we  can  procure 
from  that  country.  Our  readers  may  also  expect  much  infor- 
mation from  France,  Italy,  and  America.     Edit. 
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XI.     On   the  protection  of  Ships  from  Lightning.     By 
W.  Snow  Harris,  Esq.  F.  R.  S.  &c. 

To  the  Editor  of  the  Annals  of  Electricity y  Magnetism,  Sfc. 

Dear  Sir, 

The  best  reply  to  Mr.  Roberts's  remarks  on  my  method  of 
defending  ships  from  lightning,  and  which  appeared  in  your 
last  number,  is  an  appeal  to  facts.  I  may  hence  observe, 
that  my  system  has  been  partially  adopted  in  the  British  Navy 
in  about  eleven  ships  for  as  many  years,  comprising  several  line 
of  battle  ships  and  large  frigates.  These  vessels  have  all  been 
more  or  less  exposed  to  lightning,  and  cases  have  occurred  in 
which  the  electric  discharge  has  fallen  heavily  upon  the  masts 
without  any  ill  consequence ;  nor  have  any  results  of  a  mecha- 
nical kind  attended  the  application  of  my  conductors,  detri- 
mental to  the  masts ;  on  the  contrary,  the  spars  are  greatly 
improved  in  strength  by  them.  I  extract,  for  the  information 
of  your  readers,  from  the  Nautical  Magazine,  the  last  report 
from  the  Beagle,  lately  returned  from  a  five  years*  hazardous 
survey  in  the  South  Seas.  This  ship  has  again  proceeded  on 
another  similar  voyage  with  the  same  spars  and  conductors 
fitted  in  them : 

**  Report  on  the  lightning  conductors  of  H.  M.  S.  Beagle, 
1831 — 6.  Previous  to  sailing  from  England  in  1831,  the 
Beagle  was  fitted  with  the  permanent  lightning  conductors 
invented  by  Mr.  W.  Snow  Harris,  F.  R.  S. 

"  During  the  five  years  occupied  in  her  voyage,  she  waa 
frequently  exposed  to  lightning,  but  never  received  the  slightest 
damage,  although  supposed  to  have  been  struck  on  at  least 
two  occasions. 

"  At  each  of  these  times,  at  the  instant  of  a  vivid  flash  of 
lightning,  accompanied  by  a  crashing  peel  of  thunder,  a  hiss- 

VoL.  II.— Ab.  8,  February,  1838.  F 
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ing  sound  was  heard  distinctly  on  the  masts,  and  a  strange, 
though  very  slightly  tremulous,  motion  in  the  ship  herself, 
indicated  that  something  unusual  had  happened. 

**  No  objection,  which  appeared  to  me  valid,  was  ever  raised 
against  them ;  and  were  I  allowed  to  choose  between  having 
masts  so  fitted,  and  the  contrary,  I  should  decide  in  favour  of 
those  with  Mr.  Harris's  conductors.  Even  in  such  small 
spars  as  the  Beagle's  royal  masts  and  flying  jib-boom,  the 
plates  of  copper  held  their  places  firmly,  and  increased  rather 
than  diminished  their  strength. 

**  The  Beagle's  masts,  so  fitted,  answered  well  during  the 
five  years'  voyage  above  mentioned,  and  are  now  fit  to  go  on 
another  equally  long  voyage." 

(SignedJ        ROBERT  FITZ  ROY, 

Late  Captain  of  H.  M.  S.  Beagle. 

As  one  fact  is  worth  a  thousand  theories  or  loose  opinions, 
I  should  su^ose  this  report  must  go  far  to  meet  Mr.  Roberts's 
assertion;  viz.,  that "  if  my  conductors  were  thick  enough  to  be 
efficient,  they  would  injure  an  essential  quality  of  the  mast." 

I  do  not  by  any  means  wish  to  set  Umits  to  freedom  of 
discussion  in  scientific  matters:  science  almost  invariably 
gains  by  collision  of  opinion;  but  I  may  be  here  allowed  to 
observe,  that  before  any  individual  ventures  to  depreciate  the 
invention  of  another,  with  the  manifest  object  of  a  more  com- 
plete establishment  of  his  own,  it  is  certainly  his  duty  to  make 
himself  very  fully  acquainted  with  the  subject.  Mr.  Roberts 
has  not  thought  this,  however,  worth  while ;  or,  I  am  sure,  he 
would  not  otherwise  have  so  loosely  adverted  to  my  system, 
or  attributed  to  me  opinions  which  I  have  never  professed  to 
hold.  I  have  nowhere  maintained,  for  example,  as  my  opinion, 
that  "superficies,  not  content y  conducts  electricity;"  or  have 
I,  upon  the  validity  of  such  a  principle,  let  into  the  mast« 
*^  strips  of  copper  of  little  thickness."  If  your  readers  will 
be  so  good  as  to  refer  to  my  papers  in  the  late  numbers  of  the 
Nautical  Magazine,  New  Series,  Vol.  I,  Nos.  11  and  12;  or 
Old  Series,  Vol.  HI,  Nos.  33  and  34:  they  will  find  my  views 
on  this  pmnt  very  sufficiently  detailed;*  and  will  see  I  have  duly 
considered  the  mass  of  my  conductors.  Their  thickness  is 
about  the  same  as  that  of  the  present  chain  conductors  em- 
ployed in  the  Navy,  and  they  contain  twenty  times  as  much 
metal.  Their  average  value  is  that  of  an  iron  rod  of  mate 
than  two  inches  diameter,  supposed  to  extend  from  the  truck 
to  the  keelson  of  a  frigate  of  50  guns.  Mr.  Roberts  does  not 
inform  us  of  the  diameter  of  his  wire  rope;  I  should  imagine 

♦  See  sections  65  and  73. 
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it  could  not  be  considerable,  in  consequence  of  its  great  weight ; 
he  merely  says,  "  let  some  hundreds  of  fine  annealed  copper 
wires  be  laid  up,  as  a  common  hemp  rope,  &c.,"  an  indefinite 
sort  of  expression,  which  may  either  apply  to  the  cables  or  the 
signal  halliards. 

Mr.  Roberts  also  greatly  mistakes  the  nature  of  ,my  plan, 
when  he  says  there  "  must  be  a  separation"  to  allow  of  the 
mast  being  lowered ;  that  is,  if  he  means  by  this  form  of  ex- 
pression, a  dii^ointing  of  any  consequence  to  the  action  of  the 
conductor.  Ihe  contact,  as  may  be  seen  by  reference  to  my 
drawings,  may  at  all  times  be  insured,  and  that  too,  without 
any  difficulty.  I  do  not  myself  believe  even  if  there  did  occur 
a  short  interval  in  the  caps,  that  it  would  be  of  the  least 
consequence  to  the  action  of  such  an  extended  and  continuous 
line  of  metal  armed  with  a  point  such  as  I  employ,  and  which 
is  always  most  perfectly  continuous  below  the  mast  head. 
Such  a  break,  however,  as  that  inferred  by  Mr.  Roberts's 
observation,  need  not  occur  at  all;  it  is  scarcely  worth  while 
therefore  to  discuss  the  question. 

I  deem  it  requisite  also  to  state,  that  if  I  have  ever  given 
an  instance  of  serious  injury  ^'  arising  to  a  sailor  leaning 
against  a  mast,"  it  must  have  been  a  mast  not  fitted  with  tl^ 
conductor.  In  such  an  instance  it  is  evident  the  man's  body 
became  for  a  short  distance  the  conductor  to  the  mast;  hence 
the  electrical  discharge  led  through  the  former,  so  far  as  it 
went. 

I  do  not  myself  believe  in  what  Mr.  Roberts  calls  a  lateral 
explosion;  if  by  that,  he  means  a  divergence  of  the  electricity 
actually  transmitting  by  the  conductor,  fix)m  its  determinate 
course.  It  has  certainly  no  existence  during  the  passage  of 
heavy  electrical  discharges  through  metallic  conductors  of 
large  electrical  capacity.  Any  one  may  satisfy  himself  of  this 
by  discharging  a  powerful  battery  through  a  copper  wire  of 
about  one  eighth  of  an  inch  in  diameter,  or  a  smidi  brass  tube, 
held  in  the  hand.  I  have  myself  repeatedly  discharged  bat- 
teries of  40  square  feet  qf  coated  glass  higmy  charged,  in  this 
way,  without  experiencing  any  sensible  effect  whatever. 

I  do  not  pretend  to  deny  but  that  in  every  case  of  an  at- 
mospheric electrical  discharge,  there  is  a  general  induction 
upon  the  whole  mass  of  the  vessel,  as  forming  one  of  the  great 
electrified  surfaces.  The  distribution  of  its  electricity,  there- 
fore, pret^iot^^/^  to  the  discharge,  becomes  changed;  and  will 
in  all  cases  be  again  restored  as  the  forces  in  operation  be- 
come neutralized.  Mr.  Roberts  should  not  be  ignorant  that 
this  effect  can  in  no  way  be  got  rid  of,  and  that  it  cannot  be 
fairly  urged  as  an  objection  to  my  conductOTS.     On  the  con- 
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trary,  my  system,  not  being  confined  to  a  mere  wire  line  in 
the  rigging,  provides  for  an  easy  and  rapid  neutralization  of 
the  opposite  electrical  forces  throughout  the  hull;  a  matter  of 
very  considerable  importance. 

Admitting  the  objection,  however,  of  a  lateral  explosion  to 
be  a  valid  one,  it  necessarily  applies  equally,  if  not  more 
forcibly,  to  Mr.  Roberts's  rope  of  wire,  than  to  my  plates  of 
copper,  as  I  think  must  be  apparent ;  since  the  wire  is  direc- 
ted to  be  laid  along  the  back  of  the  mast  and  stopped  to  the 
rigging ;  of  course  it  must  be  liable  to  contact  with  the  sails. 
What  material  I  would  ask  is  more  likely  to  catch  fire  than  a 
tarred  rope  or  a  sheet  of  canvass ;  we  find  this  in  numerous  cases 
of  damage  by  lightning  at  sea ;  as,  for  instance,  in  the  cases 
of  the  Thisbe,  Phaeton,  Southampton,  and  other  ships  of  the 
British  navy.*  It  is,  in  fact,  the  liability  to  this  kind  of  da- 
mage, though  not  from  any  lateral  explosion,  which  renders  the 
application  of  conductors  oi  small  electrical  capacity  to  the  rig- 
ging and  masts,  such  as  those  commonly  employed,  somewhat 
precarious. 

The  objection  to  my  conductors  on  the  ground  of  their  be- 
ing near  the  magazines,  is  certainly  one  I  should  not  have 
anticipated,  seeing  that  lightning  rods  are  applied,  either  im- 
mediately, or  otherwise  within  a  few  feet  of  almost  every  pow- 
der magazine  in  Europe.  It  is,  in  fact,  because  the  masts 
(which  are  already,  be  it  remarked,  conductors  of  electricity 
to  some  extent)  pass  in  that  direction,  that  it  actually  becomes 
necessary  to  protect  them  by  a  conductor  connected  with  the 
sea.  For,  as  remarked  by  a  practical  writeron  those  subjects 
in  the  Philosophical  Transactions,  the  danger  is  over  when 
the  electric  fluid  has  reached  the  well. 

It  is  further  a  well-known  electrical  principle,  that  lightning 
will  not  leave  a  good  and  efficient  conductor,  immediately  in 
the  line  of  its  action^  to  pass  upon  bad  conductors,  out  of 
that  line:  a  principle  which  quite  vitiates  an  opinion  advanced 
by  Mr.  Roberts,  that  every  joint  in  a  chain  conductor  becomes 
a  point  "where  the  electrical  fluid  may  strike  off  in  every  di- 
rection." But  the  electric  discharge  is  never  found  to  strike 
off  from  the  chain,  if  connected  with  the  sea  or  ground.  It  in- 
variably pursues  its  course  down  it,  as  may  be  seen  by  reference 
to  the  cases  of  her  majesty's  ships,  ^j^tna,  the  New  York  Packet, 
and  the  Plymouth  Church.*  The  danger  here,  is  in  the  conduc- 
tor being  fused  and  disjointed  at  these  points,  and  the  tempera- 
ture so  raised  as  to  set  the  rigging  on  fire.  This  would  be 
very  probable  if  the  chain  or  rope  employed  as  a  conductor  be- 

*  Nautical  Magazine,  in  the  Nos.  above  mentioned. 
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came  detached  from  its  connexioD  with  the  sea,  or  broken  high 
up.  It  was  from  this  cause  that  a  discharge  through  a  chain  on 
board  the  Lion,  of  64  guns,  knocked  down  one  of  the  quarter- 
masters on  deck  ;  and  in  a  similar  way  a  stroke  of  lightning 
came  down  the  chain  top-sail  sheets  of  the  Ville  de  Lyon,  a 
large  American  packet,  which  lately  put  in  here  to  repair  the 
damage  which  ensued,  and  killed  two  men.  We  see,  therefore, 
that  since  a  conducting  chain  or  rope  is  liable  to  every  species 
of  damage  incidental  to  a  ship's  rigging,  it  may  at  the  time 
of  handling  it,  produce  fatal  consequences  to  the  seamen;  it 
being  then  not  a  conductor  in  a  free  state,  but  approximating 
to  an  insulated  charged  conductor,  ready  to  strike  off  to  the 
next  conducting  substance. 

It  is  not  with  any  unfriendly  feeling  that  I  am  led  to  express 
my  surprise  at  the  objections  urged  against  my  system  by  a 
gentleman  who  says  he  has  turned  '^  his  attention  to  the  sub- 
ject, as  well  in  a  philosophical  as  in  a  nautical  point  of  view," 
and  who,  whilst  professing  *^  by  an  examination  of  the  causes, 
and  a  citation  of  a  few  effects,  to  solve  the  embarrassment  under 
which  we  labour,"  foils  in  the  course  of  his  paper  to  produce 
any  kind  of  ^^examination  of  the  causes"  whatever,  any 
on^nal  enquiry  in  electricity,  or  any  one  accredited  instance 
of  damage  by  lightning,  but  substitutes  for  the  essential  in- 
gredients of  observation  and  experiment,  either  objections 
which  have  not  even  novelty  to  recommend  them,  or  otherwise 
notions  of  ordinary  electrical  actions,  not  warranted  by  any 
known  fact.  It  is  even  problematical  whether  the  wire  pro- 
posed by  Mr.  Roberts  is  available,  in  the  way  he  recommends; 
at  least  it  comes  before  us  in  so  questionable  a  shape,  that 
some  sort  of  experience  of  it  seems  requisite  to  establish  its 
value. 

I  must  shorten  this  long  communication  by  referring  your 
readers  to  my  papers  in  the  Nautical  Magazine ;  in  which 
they  will  find  my  system  very  fully  explained :  they  will  then 
see  that  it  is  of  a  far  different  kind  and  tendency  to  that 
which  might  be  inferred  from  Mr.  Roberts's  remarks.  I  shall 
merely  observe,  therefore,  that  it  consists,  1st.  in  perfecting 
the  conducting  power  of  the  masts  themselves,  by  giving  them 
conductors  of  great  electrical  capacity.  2d.  In  tying  these 
conductors  and  the  detached  masses  of  metal  in  the  hull,  into 
one  general  system,  and  finally  connecting  the  whole  by  eflin 
cient  conductors  with  the  sea. 

The  advantages  of  my  system  are  these. — The  conductor 
on  the  masts  is  always  in  place,  and  hence  ready  to  meet 
the  most  unexpected  danger;  it  does  not  require,  like  a 
chain 'or  rope,  a  constant  watching  and  attention,  to  the 
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great  annoyance  of  the  seamen,  but  takes  care  of  itself.  The 
standing  or  running  rigging  is  not  in  any  way  interfered 
with,  ana  a  very  perfect  continuity  is  arrived  at  under  all  the 
varying  positions  of  the  mast.  It  is  permanently  fixed 
throughout  its  whole  extent,  gives  stability  to  the  mast,  is 
continuous  from  the  sea  to  the  mast-head,  and  is  connected 
with  an  adequate  combination  of  conductors  in  the  hull  to 
satisfy  the  most  powerfiil  discharge  of  lightning  yet  experi- 
enced ;  it  is  capable  of  resisting  great  external  force,  and  in 
case  of  the  removal  of  any  portion  oi  the  mast,  either  by 
accident  or  design,  the  remaining  portion  is  always  perfect 
and  adequate  to  the  required  protection.  It  has  further  the 
capital  advantage  of  being  applied  immediately  to  the  objects 
most  requiring  it,  viz :  to  the  masts  themselves,  by  whicn  the 
conducting  power  they  possess  is  turned  to  a  beneficial 
account.* 

Your  readers  will,  I  trust,  perceive,  that  in  replying  to  Mr. 
Roberts's  paper,  I  have  studiously  adhered  to  facts,  either  de- 
pending on  actual  observation  on  the  great  scale  of  nature, 
or  otherwise  deducible  firom  experiment ;  and  they  will,  I  hope, 
further  do  me  the  justice  to  believe  that  I  profess  to  hold  no 
opinion  which  can  be  /airly  shown  to  be  inconsistent  with 
these  two  great  oracles  of  physical  science. 

I  am. 

Dear  sir. 
Yours  &c., 
WILLIAM  SNOW  HARRIS. 


XII.  jin  Investigation  on  the  catise  of  the  Fracture 
of  Jars  during  an  Electric  Discharge;  and  on  the  mode 
of  protecting  them.  By  William  Sturgeon,  Lecturer  at 
the  Honourable  the  JSast  India  Company*s  Military 
Academy yAddiscombCy  8fc.  8fc.\ 

Perhaps,  no  circumstance  whatever  tends  more  to  damp 
the  spirit  of  philosophical  enquiry,  or  to  retard  the  progress 

*  Let  a  small  iron  wire  be  taken  and  the  quantity  of  electricity 
measured  just  necessary  to  fuse  it.  Insert  a  similar  wire  from  the 
same  reel;  along  one  side  of  a  small  cylinder  of  wood  in  its  ordinary 
state,  and  discharge  upon  this  wire  the  same  quantity  of  electricity. 
The  wire  will  now  remain  perfect,  bein^  assisted  by  the  wood,  and 
will  not  become  fused  except  by  the  addition  of  a  very  much  greater 
quantity* 

+  Read  before  the  London  Electrical  Society,  on  Saturday, 
January  6th;  and  published  by  permission  of  the  Committeev 
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of  scientific  pursuits  than  that  of  expensive  apparatus^  and  the 
liability  of  spoiling  various  parts  of  it  by  the  process  of  ex- 
periment^ without  ever  attaining  any  thing  like  a  satisfactory 
result.  Experiments  are  frequently  attempted,  both  in 
chemistry  and  electricity,  which,  if  unattended  by  misfortune, 
might  lead  to  the  most  important  results ;  but  the  breaking 
of  a  retort,  or  ajar,  in  one  moment  defeats  the  object,  and  the 
experimenter,  by  this  unfortunate  circumstance,  abandons, 
perhaps,  altogether,  the  subject  he  was  ardently  pursuing. 
Any  attempt  then,  however  humble,  that  can  possibly  aleviate 
the  embarrassment  of  the  experimenter,  under  such  painful 
and  discouraging  circumstances,  must  necessarily  be  consi- 
dered of  some  importance :  not  only  in  any  particular  enquiry, 
but  to  the  encouragement  of  scientific  pursuits  in  general. 

Electric  jars,  when  charged  intensely,  it  is  well  known,  are 
frequently  perforated,  or  starred,  as  some  persons  call  it,  on 
being  discharged.  Many  experimenters  break  their  jars  by 
the  unscientific  practice  of  placing  one  of  the  balls  of  the  dis- 
charging-rod  against  the  side  on  the  coating,  whilst  the  other 
ball  is  made  to  approximate  that  of  the  lar,  and  which  com- 
municates with  the  lining.  For,  with  this  disjposition  of  the 
discharging-rod,  it  is  evident  that,  when  the  discharge  takes 
place,  the  whole  force  of  the  concentrated  fluid,  which  before 
was  disseminated  over  the  whole  area  of  the  lining,  is  now 
suddenly  impressed  on  that  particular  point  of  the  coating  im- 
mediately in  contact  with  the  lower  ball  of  the  discharging.- 
rod:  and  the  glass,  not  being  sufficiently  strong  to  sustain  the 
shock,  is  firequently  perforated ;  and  then  (as  to  electrical  pur- 
poses) rendered  entirely  useless. 

Misfortunes  of  this  nature  might  easily  be  averted,  by 
placing  the  jar  on  any  good  conducting  substance,  such  as  a 
piece  of  tin  foil,  or  on  a  plate  of  any  other  metal:  for,  by 
placing  the  lower  ball  of  the  discharging-rod  on  the  metallic 
plate,  the  fluid  will  be  dispersed  over  every  part  of  the  bottom 
of  the  jar  at  nearly  the  same  moment,  and  thence  equably  dis- 
seminated over  the  rest  of  the  coating  without  the  possibility 
of  breaking  the  jar  by  the  whole  force  acting  against  any  par- 
ticular point.  This  precaution,  however,  although  necessary 
to  be  observed  whenever  a  jar  or  battery  is  discharged,  is  by 
no  means  a  complete  protection :  for  jars  are  frequently  broken 
although  every  possible  attention  be  paid  with  respect  to 
the  application  of  the  discharging-rod:  and  it  is  well  known 
by  every  person  familiar  with  experimental  electricity,  that 
when  a  large  battery  is  discharged,  one  jar,  at  least,  is  almost 
sure  to  be  broken:  and  so  little  has  the  cause  of  this  pheno- 
menon been  understood,  that  no  method  is  yet  before  the  publiis, 
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with  which  I  am  acquainted,  to  remedy  the  expensive  and 
highly  discouraging  evil.  It  is,  therefore,  a  common  practice 
with  electricians,  not  to  charge  their  batteries  to  a  high  inten- 
sity, lest  some  of  the  jars  should  be  broken  by  the  discharge. 

The  only  direction  given  by  authors  on  this  subject,  for  pre- 
serving intensely  charged  jars,  is  that  of  transmitting  the  dis- 
charge through  a  long  circuit.  But  even  by  this  precaution, 
the  end  is  not  answered ;  for,  by  transmitting  the  discharge 
through  a  long  circuit,  the  effect  is  considerably  reduced: 
and,  therefore,nothing  more  is  obtained  by  this  means,  than  by 
transmitting  a  charge  of  lower  intensity  tln*ough  ashort  circuit. 

The  frequent  misfortune  of  breaking  jars  by  the  discharge, 
and  the  consequent  expense  and  trouble  attending  the  fitting 
up  of  new  ones,  led  me  to  the  determination  of  investigating 
the  cause,  and,  if  possible,  to  remedy  the  evil;  and  I  am  happy 
to  say,  that  this  investigation  has  enabled  me  to  accomplish 
the  object  to  the  utmost  of  my  wishes. 

Before  entering  on  a  description  of  the  method  I  have  taken 
to  prevent  jars  from  breaking  by  the  electric  discharge,  it  may, 
perhaps,  be  necessary  to  premise  by  pointing  out  such  parti- 
culars as  were  noticed  during  the  enquiry,  and  which  seemed 
most  worthy  of  attention. 

The  first  jars  used  in  these  experiments  were  fitted  up  in 
the  usual  way,  by  coating  and  lining  them  to  within  about 
three  inches  of  the  top.  I'he  wire  of  each  jar,  surmounted  by 
a  ball,  had  its  lower  extremity  passed  through  the  cover,  or 
lid,  and  looped  to  a  chain,  the  lower  end  of  which  rested  on 
the  bottom  of  the  lining. 

When  jars  fitted  up  in  this  manner  broke  by  the  discharge, 
the  fracture,  or  star,  alwajs  occurred  at  nearly  the  top  of  the 
lining.  Now,  as  the  joining  of  the  chain  with  the  lower  ex- 
tremity of  the  wire  was  nearly  opposite  to  the  point  where  the 
fluid  perforated  the  jar,  I  concluded  that  the  chain,  in  conse- 

auence  of  the  interruptions  at  the  links,  was  incapable  of  con- 
ucting  the  fluid  from  the  bottom  of  the  jar :  and  that,  instead 
of  the  whole  quantity  being  transmitted  from  the  bottom  to 
the  top  of  the  chain,  the  greatest  portion  of  the  collected  fluid 
escaped  by  one  sudden  effort  from  the  upper  edge  of  the  lining 
to  the  lower  extremity  of  the  wire:  and  thus,  nearly  the  whole 
force  of  the  fluid  being  discharged  by  explosion  at  one  parti- 
cular point  of  the  lining,  the  reaction  against  the  side  of  the 
jar  caused  the  latter  to  be  broken,  for  the  same  reason  that 
jars  frequently  share  the  same  fate  by  having  the  lower  ball  of 
the  discharging-rod  placed  against  their  sides. 

Jars  were  afterwards  fitted  up  without  any  chain,  having 
,  one  cpntinued  wire^from  the  ball  on  the  top,  to  the  bottom  of 


Digitized  by 


Google 


discharge ;  and  on  the  mode  of  protecting  them.      89 

the  jar,  in  hopes  that  if  the  wire  was  sufficiently  stout,  the 
whole  of  the  collected  fluid  would  be  transmitted  in  safety 
throughout  its  whole  length.  Hence  the  explosive  effort  from 
the  lining  to  the  wire  being  thus  supposed  to  be  annihilated, 
the  jir  would  be  preserved.  It  was  not  long,  however,  before 
I  discovered  my  mistake ;  for  a  jar,  so  fitted  up,  had  not  been 
charged  and  discharged  more  than  five  or  six  times  before  it 
was  perforated  by  the  fluid  close  to  the  upper  edge  of  the  foil. 
Some  others  were  fitted  up  in  the  same  manner,  only  using 
stouter  wire  from  the  ball  to  the  bottom  of  the  lining:  stiU 
impressed  with  the  idea,  that  if  the  wire  was  sufficiently  ca- 
pacious, the  fluid  would  be  safely  conducted  to  the  discharging- 
rod  without  injury  to  the  jar.  Some  of  these  jars  stood  the 
discharge  from  high  intensities  extremely  well,  and,  perhaps, 
much  longer  than  if  the  wire  had  not  been  so  stout :  never- 
theless, as  some  were  perforated  in  exactly  the  same  manner 
as  those  before  described,  it  was  evident  that  this  mode  of  fit- 
ting them  up  was  no  real  protection;  and  that  some  other 
must  be  resorted  to  before  intense  charges  could  be  transmit- 
ted through  short  circuits  with  safety  to  the  jars. 

The  jars  used  in  these  experiments  were  of  green  glass,  and 
broke  most  frequently  when  several  of  them  were  used  at  the 
same  time  in  the  form  of  a  battery.  I  generally  used  six  or 
eight  at  a  time.  I  have,  however,  had  the  misfortune  to 
fracture  several  of  white  flint  glass:  one  of  which  exposed  a 
coated  surface  of  nearly  three  square  feet.  This  jar  stood 
very  well  at  moderate  charges,  but  was  perforated  by  the  first 
discharge  of  intense  electrization.  It  would  be  needless  to 
enumerate  more  of  these  disastrous  circumstances,  as  they 
occur  frequently,  and  in  the  hands  of  every  electrician. 

Now,  as  so  many  jars  had  been  broken  exactly  opposite 
the  upper  edge  of  the  lining,  it  would  seem  as  if  the  collected 
fluid  made  the  greatest  elibrt  to  escape  from  that  particular 
part :  and,  if  it  be  admitted  that  the  particles  of  the  electric 
fluid  are  repulsive  of  each  other,  it  is  only  reasonable  to  sup- 
pose that  such  would  be  the  case :  for,  although  an  equable 
dissemination  may  actually  take  place  over  every  other  part 
of  the  lining,  yet  the  naked  part  of  the  jar  above  the  lining  not 
being  charged,  the  fluid  about  the  edge  of  the  foil,  finding  a 
less  resistance  upwards  than  in  any  other  direction,  would  ac- 
cumulate to  the  greatest  extent  around  the  upper  edge  of  the 
lining :  and,  consequently,  would  have  a  greater  tendency  to 
strike  the  wire  from  some  point  near  the  top  of  the  lining  than 
from  any  other  part  of  the  jar. 

Although  there  are  many  jars  that  will  withstand  the  ut- 
most force  of  a  discharge,  nevertheless,  there  can  be  no  doubt 
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but  in  every  jax  that  is  fitted  up  in  the  usual  way,  the  fluid 
strikes  the  wire  from  the  upper  part  of  the  lining  in  almost 
every  discharge  from  high  intensity:  and  that  those  jars,  which 
have  not  broken,  owe  their  safety  to  the  strength  of  the  glass. 
This  conclusion  may,  I  think,  be  fairly  admitted  when  it  is 
considered  that  many  jars  will  withstand  the  shock  for  hun* 
dreds  of  times  although  one  of  the  balls  of  the  discharging-rod 
be  placed  against  the  coating  at  every  discharge:  whilst  many 
others,  which  are  of  more  feeble  glass,  have  broken  at  the  first 
discharge,  by  this  unskilful  application  of  the  discharging-rod. 

If  due  attention  be  paid  to  the  nature  of  the  electric  jar, 
and  the  manner  in  which  it  is  usually  constructed,  it  will  ap- 
pear evident  that,  during  a  discharge,  if  the  whole  quantity 
of  fluid  from  the  lining  were  to  flow  through  the  conducting 
channel  purposely  arranged  for  it,  that  portion  which  occupied 
the  upper  part  of  the  lining  would  have  to  travel  by  a  very 
circuitous,  and,  perhaps,  injudiciously  chosen  route.  It  would 
first  have  to  descend  to  the  bottom  of  the  jar  before  it  arrived 
at  the  axial  wire;  thence  the  whole  length  of  that  wire  before 
it  arrived  at  the  ball  on  its  top.  Moreover,  whilst  ascending 
the  axial  wire,  the  fluid  would  have  topass  the  very  point  from 
whence  it  first  set  out.  Now  the  electric  fluid  has  never  been 
understood  to  evince  any  tendency  to  move  by  a  circuitous 
route,  and  more  particularly  so  when  one  portion  of  it  has  to 
meet  ox  pass  close  to,  another  portion,  in  a  recurved  circuit, 
similar  to  that  presented  by  the  lining  and  axial  wire  of  a  jar. 
Moreover,  it  appears  to  me,  that  the  greater  part  of  the  axial 
wire,  which  is  within  the  jar,  is  in  a  negative  condition,  rela- 
tively to  the  lining  and  upper  part  of  the  stem  and  ball,  from 
the  moment  the  jar  ceases  to  receive  fluid,  till  it  is  discharged; 
and  this  negation  would  be  increased,  for  a  moment,  by  the 
presentation  of  the  discharging  rod  to  the  ball  of  the  jar: 
and  thus  place  the  lower  part  of  the  axial  wire  in  very  ample 
condition  for  the  reception  of  the  fluid  from  the  most  vicinal 
and  intensely  charged  point  of  the  lining;  which,  as  already 
assumed,  would  be  in  some  part  of  its  upper  edge.  There  can 
be  no  just  reasonto  doubt,  however,  that  some  part  of  the  charge 
actually  makes  its  escape  by  the  chain  from  the  bottom  of  the 
jar:  but  the  proportion  of  fluid  discharged  by  this  route  is 
probably  very  small:  and,  especially  in  very  tall  jars,  such 
as  are  most  frequently  selected  for  electrical  purposes;  where 
the  fluid,  in  some  cases,  would  have  to  traverse  two  or  three 
feet  of  lining,  chain,  and  wire,  and  yet  be  no  nearer  the  bcdl 
on  the  top  of  the  jar,  than  it  was  before  the  approach  of  the 
discharging-rod. 

Now,  since  the  conclusions  drawn  from  this  inveatigi^tioo 
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show  that  the  electric  fluid  in  the  interior  of  an  intensely 
charged  jar  indicates  the  greatest  tendency  to  escape  from 
the  top  of  the  lining;  and  that  by  the  present  mode  of  fitting 
up  jars,  an  explosion  from  that  part  of  the  lining  to  the  wire 
probably  takes  place  whenever  tlie  jar  is  discharged  through 
good  conducting  media,  it  seemed  the  most  natural  method, 
to  lead  the  fluid,  as  ii  were,  by  some  good  conducting  sub- 
stance by  the  nearest  route,  and  dispense  altogether  with  the 
wire  and  chain  that  are  suspended  in  the  axis  of  the  jar.  For 
this  purpose,  two  slips  of  tin-foil  were  secured  to  the  opposite 
sides  of  the  jar,  and  reached  from  the  upper  edge  of  the  lining 
to  the  cover  on  the  top;  the  under  part  of  which  was  also 
covered  with  foil.  This  latter  portion  of  foil  communicated 
with  the  lower  extremity  of  the  wire  which  supports  the  ball : 
so  that  a  complete  and  direct  metallic  connexion  now  existed 
between  the  top  of  the  lining  and  the  ball  on  the  top  of  the 
jar.  Therefore,  no  explosion  in  the  interior  of  the  jar  could 
possibly  take  place.  The  result  was,  that  every  jar  so  fitted 
up  has  hitherto  withstood  the  most  severe  trial.  I  have,  for 
the  last  twelve  years,  employed  jars  thus  protected,  without 
ever  breaking  one  by  a  discharge:   although,  during  that 

Seriod,  I  have  discharged  a  battery  of  twelve  jars  some  hun- 
reds  of  times  from  the  most  intense  electrization.  I  have 
called  the  slips  oi  toil  protectors :  and  I  am  firmly  persuaded, 
that  the  most  extensive  battery  may,  by  this  means,  be  per- 
fectly protected. 

The  next  question  that  naturally  presents  itself  is,  does  the 
insulation  continue  as  perfect  in  jars  thus  protected,  as  in 
those  fitted  up  in  the  usual  way? 

Upon  attentive  examination,  it  will  be  found,  that  the  ball 
and  wire  of  the  ordinary  jar,  must  always  be  electrized  equally 
with  the  lining  with  which  they  are  connected  by  means  of 
the  chain;  and  therefore  the  insulation  from  the  lining  to  the 
coating,  in  such  jars,  can  only  be  from  the  centre  of  the  cover 
through  which  the  wire  passes  to  the  upper  edge  of  the  coat- 
ing: and  as  the  cover  is  of  wood,  which  is  always  a  partial 
conductor,  it  also  becomes  charged  in  common  with  the  wire 
and  lining.  Therefore,  the  only  perfect  insulation  is  that  be- 
tween the  edge  of  the  cover  and  the  top  of  the  coating — exactly 
the  same  as  in  jars  frirnished  with  protectors. 

When  jars  are  cylindrical  throughout,  no  covers  need  beused. 
A  disc  of  wood  of  nearly  the  same  diameter  as  the  interior  of 
the  jar,  is  fixed  by  wedges  of  cork  at  the  same  height  as  the 
top  of  the  lining.  This  disc  is  covered  with  tin  foil,  and  the 
lower  end  of  the  wire  carrying  the  ball  is  screwed  into  its  cen- 
tre.    In  addition  to  the  cork  wedges,  I  usually  support  the 
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disc  by  three  wooden  rods,  which  rest  on  the  bottom  of  the 
jar. 

It  is  not  my  intention,  however,  to  press  the  theoretical  part 
of  this  paper  too  strongly  on  the  attention  of  the  society;  be- 
cause I  am  well  aware  that  unless  experiments  were  made  to 
show  that  the  fluid  actually  leaps  from  the  upper  edge  of  the 
lining  to  the  axial  wire  of  ordinarily  fitted  up  jars,  it  might 
lead  to  unnecessary  doubts  in  the  minds  of  those  who  have 
paid  but  little  attention  to  the  pursuit  of  a  cause  whose  effects 
are  the  most  disheartening  that  the  amateur  electrician  has  to 
contend  with. 

I  have  pointed  out  what  has  appeared  to  me  to  be  the 
cause  of  these  accidents  to  jars;  and  have  briefly  described 
the  mode  of  investigation,  both  mental  and  experimental, 
which  I  pursued:  and,  whether  my  theoretical  views  be  con- 
sidered satisfactory  or  otherwise,  the  simple  fact,  alone,  of  my 
not  having  broken  even  one  jar,  thus  fitted  up,  although  I 
have  constantly  employed  them  for  the  last  twelve  or  more 
years,  during  which,  but  few  have  had  more  extensive  practice, 
may,  perhaps,  be  sufficiently  important  to  induce  other  elec- 
tricians to  adopt  the  samemodeof  protecting  Me/r  jars  which, 
for  so  long  a  course  of  practice,  has  afforded  a  complete  protec- 
tion to  mine.  If  I  have  succeeded  in  this  particular,  the 
principal  object  for  offering  this  paper  to  the  notice  of  the 
Electrical  Society  will  then  be  accomplished. 

Westmorland  Cottage, 
Jan.  3,  1838. 

XIII.  Memoir  on  Folta^s  pile  and  on  the  general  law  of 
the  intensity  of  currents ,  whether  arising  from  a  sinste 
element  or  from  a  pile  of  great  or  sm(Ui  tension,  ny 
M.  Pouillet.* 

1.  The  intensity  of  the  electric  current  caused  by  any  of 
Volta's  piles,  may  be  measured  by  the  chemical,  physiologi- 
cal, or  physical  effects  which  this  current  is  capable  of  pro- 
ducing. In  the  course  of  this  memoir,  we  have  taken  as  the 
unity  of  measurement  the  physical  effect  that  this  current  ex- 
ercises on  a  magnetic  needle;  because  this  effect  has  the  ad- 
vantage over  all  others  of  being  produced  instantaneously  and 
being  measurable  with  the  greatest  degree  of  accuracy.  But 
the  results  given  by  this  unity  of  measure  are  not  without  con- 

♦  Translated  by  Mr.  J.  H.  Iiang;  from  the  Comptes  Rendas, 
hebdomadaires  des  trances  de  TAcaidimie  Royale  des  Sciences.  No. 
8,  20th  Fevrier,  1837. 


Digitized  by 


Google 


general  law  of  the  intensity  of  currents.  93 

nexion  with  those  which  would  be  obtained  by  taking  for  unity 
either  the  chemical  or  physiological  effects:  on  the  contrary, 
there  always  exists  such  a  dependance  between  them,  that  the 
first  may  be  deduced  from  the  second,  and  vice  versa.  This 
connexion  between  effects  apparently  so  different,  and  some- 
times so  completely  opposite,  is  an  important  point  in  the 
theory  of  the  pile :  it  explains  what  has  been  hitherto  called 
the  tension  of  the  electricity  in  the  current,  and  also  how  it 
is  that  a  pile  which  is  very  energetic  in  producing  physical 
effects,  may  be  very  feeble  in  producing  chemical  or  physiolo- 
gical effects,  and  reciprocally.  However,  until  these  explana-* 
tions  can  be  deduced  from  experiments,  it  is  well  to  recollect 
that  the  intensities  which  are  here  compared,  are  only  electro- 
dynamic  intensities,  or  those  of  actions  exercised  on  a  mag- 
netic needle  placed  under  similar  circumstances. 

2.  Description  of  the  apparatm.  The  piles  which  we 
preferred  employing,  were  elissonated  piles;  for  the  principle 
of  which  we  are  indebted  to  M.  Becquerel  (jinn,  de  Vhimies, 
t.  41,  p,  20.);  they  possess  the  immense  advantage  of  keeping 
a  constant  force  for  several  hours,  and,  consequently,  giving 
perfectly  comparable  results. 

The  intensities  of  the  currents  were  measured  by  two  dif- 
ferent apparatus:  one  called  the  compass  of  tangents;  the 
other  the  compass  of  sines. 

The  compass  of  tangents  is  composed  of  a  large  ribbon  of 
red  copper  1° ,  6.  lone,  0"  ,02.  wide,  and  0"» ,  002.  thick.  It  is 
covercKi  with  silk  and  bent  so  as  to  form  a  very  exact  circle  of 
0",  412,  in  diameter:  the  two  extremities  of  the  ribbon  are 
brought  together  and  prolonged  on  the  outside  so  as  to  immerse 
each  in  a  vessel  of  mercury,  where  they  receive  the  current. 
This  circle  is  placed  vertically,  andfrom  its  centre  is  suspended, 
by  a  silk  film,  a  magnetic  needle  5  or  6  centimetres  long, 
bearing  a  light  blade  of  wood  or  metal,  16  centimetres  long: 
this  blade  serves  as  an  index,  since  its  extremities  move  on  the 
circumference  of  a  divided  circle.  The  ribbon  circle  being  in 
the  magnetic  meridian,  the  magnetized  needle  is  at  zero,  and 
as  soon  as  any  current  passes  this  circle  the  needle  is  driven 
towards  the  east  or  west  to  a  certain  extent,  which  depends 
upon  the  force  of  the  current.  When  the  equilibrium  is  es- 
tablished, that  is  to  say,  when  the  effort  of  the  terrestrial 
magnetism  to  keep  the  needle  in  the  meridian  is  equal  to  the 
opposite  effort  which  the  current  makes  to  drive  it  from  it,  the 
intensity  of  the  current  is  measured  by  the  tangent  of  the 
deviation  of  the  needle. 

The  compass  of  sines  is  composed  of  a  strip  of  red  copper 
analogous  to  the  preceding  one,  but  bent  in  the  form  of  a 
rectangle;  the  large  horizontal  sides  being  2  decimetres  and 
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the  small  vertical  ones,  from  5  to  8  centimetres,  according  to 
the  degree  of  sensibility  required ;  this  rectangle  is  placed  on 
a  graduated  circle  of  which  it  forms  in  some  manner  the  cross- 
staff,  and  a  magnetized  needle  is  suspended  in  the  rectangle, 
so  that  its  centre  may  be  in  the  vertical  plane  of  the  centre  of 
the  circle.  When  a  current  passes  through  the  rectangle,  the 
needle  varies ;  but  we  follow  its  motions  so  that  it  be  always 
in  the  vertical  plane  of  the  rectangle  when  it  stops,  maintain- 
ing an  equilibrium  between  the  terrestrial  force  and  that  of 
the  current.  In  this  case  the  intensity  of  the  current  is  in 
proportion  to  the  sine  of  the  deviation  of  the  needle. 

For  very  feeble  currents,  the  two  preceding  compasses  have 
a  multiplier  instead  of  a  simple  circuit. 

3.  Experiments  with  a  single  element.  To  determine  the 
different  degrees  of  diminution,  which  the  intensity  of  the  cur- 
rent produced  by  a  single  element,  undergoes,  when  it  is  made 
to  traverse  circuits  of  different  lengths,  we  take  pieces  of  wire  of 
copper,  platina,  silver,  iron,  &c.,  covered  with  silk,  proceed- 
ing each  from  a  similar  piece  of  metal,  drawn  out  with  such 
care  that  the  diameter  of  the  wire  may  be  sensibly  the  same 
throughout  the  whole  of  its  length:  from  each  piece  we  cut  five 
smaller  ones  of  different  lengths,  for  example,  5"*,  10",  40, 70, 
and  100  metres  for  wires  of  about  a  millimetre  in  diameter ;  and 
0™2 ;  0"»4 ;  1™;  2"*;  4'";  and  10"  for  wires  of  small  diameter. 

With  each  series  of  wires  we  made  the  following  experi- 
ments : — 

The  current  produced  by  the  voltaic  element  subjected  to 
experiment  was  made  to  traverse  the  compass  directly,  and 
the  deviation  was  observed ;  we  afterwards  made  the  current 
traverare  successively  each  of  the  five  wires,  carefully  observing 
the  corresponding  deviation. 

ITie  following  table  contains  the  result  of  one  experiment. 

Lengtii  added  to  the  Tai^ent  of  the 

primitive  circuit  DeTiation  deviation 

or  to  the  length  of  observed.  or  intensity-  of 

the  element.  the  current. 

Om  ...  64O30'  -  -  2100 

1  ...  35    15  -  .  0-707 

2  ...  24  00  .  -  0  445 
4  ...  13  40  -  -  0-243 
8  ...  7   30  .  .  0132 

16  ...  3   40  .        .  0064 

At  first  sight,  there  seems  to  be  no  regularity  in  the  decrease 
of  the  intensity;  but  we  must  not  consider  only  the  wire  added 
to  the  primitive  circuit  but  we  must  also  take  account  of  the 
primitive  circuit  itself;  representing  its  unknown  length  by  x 
and  admitting  the  intensities  of  the  current  to  be  in  a  pro- 
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portion  inverse  to  the  total  length  of  the  circuit,  we  form  the 
five  equations. 


X  _  707\ 
«-|-l""2100^ 
_af   _  445 
«-h3~2r00  . 
a?    ^  243  I 
ar-|-4""2100  ' 
JP__  J32 
ar+8""2100 

» 64 

ar+16—  2100/ 


/«=0-51 
«=:0-54 


whence  we  hare 


ac=0-53 

«=:0-53 
2=0-50 
mean    dci:0*52 


This  equality  of  the  values  of  x  proves  that  the  primitive 
circuit  is  equivalent  to  O",  52  of  the  length  of  the  wire  sub- 
mitted to  experiment;  and,  if  we  calculate  in  reality,  the  de- 
viations that  ought  to  be  observed,  admitting  this  veJue  of  x 
or  this  resistance  of  the  element  itself  and  of  the  band  of  the 
compass,  we  obtain  the  following  table.— 


Comparison  between  the  observed  and  calculated  deviations. 

Length  of  the 

circait 
added  to  the 

element. 

Total  length  ot 

the  circait 
adopting  0-52 
for  the  element 

Deviations 
obsenred. 

Deviations 
calculated. 

Differences. 

0 

1 
2 
4 
8 
16 

0-52 
1-52 
2-52 
4-52 
8-52 
14-52 

64*30' 
35- 15 
24  00 
13-40 
7-30 
3-40 

64'30' 
36-32 
23-61 
13-37 
7-18 
3-47 

0 
—17' 
+  9 
+  3 
--12 
—  7 

The  differences  between  the  observed  and  calculated  devia- 
tions are  so  completely  within  the  limits  of  the  errors  of  ob- 
servations that  it  is  impossible  not  to  look  upon  the  principle 
on  which  the  calculations  have  been  made  as  perfectly  rigor- 
ous. 
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Element  A  —  Copper  wire. 

Lengths  added    to 

the  length 

of  the  element 

Deviations 
observed. 

Tangents  of  the 

deviations 
or  intensities. 

Lengths  of  the 

element 
or  resistance 

0 

6 

10 

40 

70 
100 

62'  " 

40-20* 

28-30 

9-45 

6-  " 

4-15 

1880 
0-849 
0  543 
0172 
0105 
0  074 

4m  11 
406 
4-03 
4-14 
409 

Mean. .  . . 

4-08 

Comparison  between  the  observed  and  calculated  deviations. 

Total  lengths. 

f'alculated 
deviations. 

Observed 
deviations. 

Differences. 

4*08 

908 

14-08 

4408 

74-08 

104  08 

62'  " 

40-18' 

28-41 

9-56 

6-57 

4-14 

62     " 

40-20' 

28-30 

9-46 

6-" 

4*16 

±?1 

—11 

Element  B  —  Copper  wire. 

Length  added  to 

the  length 
of  the  elements 

Deviations 
observed. 

Tangents  of  the 

deviations 
or  intensities. 

Length  of  the 

element 
or  resistance. 

0 

6 

10 

40 

70 

100 

64'30'» 

34-  " 

24-20 

8-30 

610 

3-40 

1-400 
0674 
0-462 
0160 
0090 
0064 

4m  64 

4-77 

4-80 

4-81 

4-71 

Mean.... 

4-75 

Comparison  between  the  observed  and  calculatec 

I  deviations. 

Total  lengths. 

Calculated 
deviations. 

Observed 
deviations. 

DiflTerences.* 

4  76 

9-76 

14-76 

44-76 

74-75 

104  76 

54'»30' 

34-16 

24-20 

8-27 

5-  6 

8-37 

64'30' 

34-  » 

24-20 

8-30 

610 

3-40 

—16 

n 

ti 
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Many  other  series  made  with  wires  of  different  kinds  led  to 
the  same  result;  and  we  have  derived  the  following  general 
law  from  them. 

The  intensity  of  the  current  produced  by  a  single  element 
is  in  an  inverse  proportion  to  the  real  length  of  the  circuit. 

Some  analogous  experiments  have  served  to  demonstrate 
that  the  resistance  of  the  element  or  the  primitive  length  of 
the  circuit  is  expressed  by  lengths^  which  are  proportional  to 
the  section^  and  the  conductibility  of  the  wire  which  composes 
the  apparent  length  of  the  circuit. 

The  result  of  which  is,  that  the  intensity  of  the  current 
produced  by  one  element  is  expressed  by  the  general  formula^ 

ar  +  l    * 

c  representing  the  conductibility  of  the  circuit,  s  its  section^ 
/  its  apparent  length,  and  r  the  resistance  of  the  element  for 
a  circuit  where  conductibility  and  section  are  taken  for  unity. 

Since  the  intensity  of  the  current  observed  with  the  apparatus 
is  in  an  inverse  proportion  to  the  real  length  of  the  circuity  we 
may  obtain  this  important  conclusion,  that  the  current  pro- 
duced by  a  single  element  is  capable  of  a  constant  electro- 
dynamic  effect:  for  the  effect  that  is  observed  on  the  mag- 
netized  needle  is  produced  only  by  a  certain  fraction  of  the 
real  length  of  the  circuit,  but  if  we  increase  it  tenfold,  for 
example,  the  real  length  of  the  circuit,  this  fraction  becomes 
ten  times  as  small,  at  the  same  time  that  we  obtain  one  tenth 
of  the  intensity ;  hence  it  is  evident,  that  in  the  two  cases  we 
should  obtain  eqvxil  intensities^  if  we  could,  under  the  same 
circumstance!  and  conditions,  cause  the  total  length  of  the 
circuits  to  act  on  the  needle. 

This  is  quite  a  frindamental  principle  in  theory,  since  it 
shows  that  the  unknown  modification  which  constitutes  the 
current  may  be  assimilated  to  a  quantity  of  motion  which 
must  essentially  remain  constant  whatever  may  be  the  extent 
of  the  mass  in  which  it  is  propagated.  Thus,  if  the  two  poles 
of  a  voltaic  element  be  connected  by  a  wire  of  one  metre,  or 
by  one  of  1000  metres,  neither  more  nor  less  electricity  passes 
in  the  one  case  than  in  the  other:  the  quantity  which  passes 
remains  always  constant,  and  depends  solely  on  the  quantity 
£umished  by  the  element  itself,  or,  generally,  by  the  electric 
source,  whatever  it  may  be. 

4.  Derived  currents.  When  two  points  of  a  circuit  tra- 
versed by  any  current  are  touched  with  the  two  extremities  of 
a  metallic  wire,  it  is  evident  that  at  the  two  piiints  touched, 
which  axe  called  \k\&  points  of  derivation^  the  currept  must  be 
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divided,  one  portion  continuing  to  pass  in  the  circuit,  as  be- 
fore, and  the  other  portion  taking  the  direction  of  the  wire  to 
traverse  it  throughout  its  length;  this  latter  portion  is  called 
derived  current;  the  portion  which  traverses  the  original  cir- 
cuit between  the  points  of  derivation,  is  CEilled  partial  current; 
the  current  itself  which  passes  in  the  circuit  before  and  after 
the  points  of  derivation,  is  cMed  principal  current;  and  the 
current  which  passed  before  the  derivation  was  made,  is  called 
primitive  current. 

We  measured  by  means  of  the  compass  of  tangents  and  the 
compass  of  sines,  the  intensities  of  the  derived,  partial,  and 
principal  current,  and  the  results  of  experiments  have  brought 
us  to  the  following  general  laws : 

1.  As  soon  as  a  derivation  is  made,  the  intensity  of  the 
primitive  current  is  increased ;  thus  the  principal  current  is 
always  stronger  than  the  primitive. 

2.  The  intensity  of  the  derived  current  is  proportional  to 
the  distance  of  the  points  of  derivation. 

3.  At  an  equal  aistance  it  is  in  an  inverse  proportion  to 
the  section  and  conductibility  of  that  portion  of  the  circuit 
in  which  the  derivation  is  made. 

4.  The  sum  of  the  intensities  of  the  partial  and  derived 
currents  is  always  equal  to  the  intensity  of  the  principal. 

From  these  laws,  and  those  which  have  been  established 
above,  result  the  following  formula,  to  express  the  intensities 
Xy  y,  and  z,  of  the  principal,  partial^  and  derived  currents: 


jrnT. 


•p*+l— n 


T.  is  the  intensity  of  the  primitive  current,  n,  the  fraction 
which  expresses  the  ratio  between  the  distance  of  the  points 
of  derivation,  and  the  total  length  of  the  circuit,  k,  the  ratio 
of  the  length  of  the  wire  which  makes  the  derivation  and  the 
distance  of  the  points  of  derivation.  /),  the  ratio  between  the 
sections  of  the  circuit  and  the  wire  of  derivation,  these  sec- 
tions being  reduced,  if  the  conductibility  be  different. 

5.  Experiments  with  a  pile  of  six  elements  and  general 
formula  for  the  intensity  of  piles.  Having  arranged  six  ele- 
ments similar  to  those  employed  in  the  preceding  experiments, 
their  intensity  and  individual  resistance  was  determined  by 
the  means  already  mentioned.  The  following  table  contains 
the  result  of  the  experiments. — 
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Nambert 

Length 

Observed 
deviations. 

Tangents, 

!       of 

added  to  t&e 

or 

Resistances. 

elements. 

element. 

intensities. 

1 

;       ^ 

69»00' 

2-600 

OmOO 

1       < 

1           6 

43-20 

0-943 

2-85 

I        10 

3000 

0677 

2-86 

1 

:      40 

1100 

0*194 

8-20 
Mean  2 -97 

1 

0 

66  80 

2-300 

000 

3 

6 

43  00 

0-938 

8*41 

10 

2940 

0-670 

8*86 

' 

40 

10-40 

0*188 

8*56 
M6an3-44 

1 

0 

67-40 

8-484 

n  Mi> 

8       ^ 

1          6 

42  30 

0916 

802 

1         10 

29  40 

0-670 

8-05 

' 

:         40 

10-20 

0182 

0 

67-00 

2-856 

n  nn 

4 

1          6 

42-30 

0*909 

819 

1         10 

29-40 

0-570 

819 

40 

10-20 

0-182 

8*85 
Mean  3 -25 

1 

0 

68-00 

2-475 

*»  nn 

.6 

6 

4320 

0943 

808 

10 

80  30 

0  589 

813 

40 

J 100 

0194 

8*40 

Mean8-2f 

1 

0 

64-00 

2*050 

w  >»» 

6 

6. 

4100 

0*869 

8-68 

.  10 

28-40 

0-548 

8-64 

40 

1000 

0*176 

8-76 
Mean  3 -69 

Thus^  these  elements  have  nearly  the  same  force;  although 
that  of  the  sixth  is  sensibly  less. 

Immediately  afterwards^  we  arranged  the  whole  of  these 
elements  to  make  a  pile  of  six  pairs. 

The  intensity  of  this  pile  was  such  that  it  reddened  a  pla- 
tina  wire  l-4th.  of  a  millimetre  in  diameter^  and  20  centi- 
metres long. 

The  current  that  it  could  produce  was  then  made  to  tra- 
verse the  compass  of  tangents,  and  we  obtained  the  following 
results  with  the  copper  wire  which  was  used  to  determine  the 
individual  resistances. 
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Length  added. 

DeTiaiions 
observed. 

Tangents  of  the 
deviations. 

Resistances. 

0 

5 

10 

40 

70 

100 

68-30* 
63  20 
58  30 
89-00 
2800 
21-30 

2538 
1991 
1-632 
0810 
0-532 
0-394 

»     n 
18-20 
1903 
1801 
18-56 
18-38 

Mean 

1843 

When  the  six  elements  are  added  end  to  end  to  form  a  pile 
of  six  pairs,  the  current  produced  by  the  first  element  has  no 
longer  to  traverse  only  the  conductors  of  the  apparatus,  but 
it  must  also  traverse  the  five  other  elements,  and  be  weakened 
in  proportion  to  the  length  of  the  wire  which  represents  the 
resistance  of  these  elements ;  consequently  to  ascertain  its  in- 
dividual intensity  when  it  forms  part  of  the  pile,  we  must 
calculate  it  from  the  real  length  of  the  new  circuit  it  traverses ; 
it  is  the  same  for  all  the  other  elements.  In  making  these 
calculations  and  adding  thereto  the  individual  intensities  of 
the  six  elements  thus  calculated,  we  discover  all  the  observed 
intensities,  whether  for  the  pile  alone,  or  for  the  difierent 
circuits  composed  of  the  pile  and  of  5"  ,  10"  ,  40°* ,  70°* , 
100°* ,  of  wire. 

Generalising  these  results,  we  obtain  the  following  formula 
which  expresses  the  intensity  of  any  pile  by  means  of  the 
individual  intensities  of  its  elements. 


r^t,+r,t,+  . 


.+rntn 


ri  +  r^+  ....  Tn — (n — l)a+r 
**!  >  ^«>  •  •  •  •  ^»»  ^^^  *^®  resistances  of  the  elements  az:0™'26. 

'l5  't)     •  •  •• 


,.  tn  the  individual  intensities. 


a,  the  length  of  wire  which  represents  the  resistance  of  the 
compass.  In  the  preceding  experiment,  a=:0°*  •26.  /,  the 
length  of  wire  added  to  the  circuit  of  the  pile.  Thus  the 
principles  demonstrated  for  one  element,  apply  to  a  pile  com- 
posed of  any  number  of  pairs,  and,  at  the  same  time,  we  may 
say,  with  truth,  that  the  intensity  of  a  pile  is  in  an  inverse 
proportion  to  the  length  of  the  circuity  and  that  a  pile  is 
capable  of  a  constant  electro-dynamic  effect,  whatever  may 
be  the  length,  section,  and  conductibility  of  the  circuit  that 
its  current  has  to  traverse. 

This  result  explains  what  is  called  the  tension  of  the  pile; 
for,  if  an  element  be  made  with  large  surfaces,  whose  inten- 
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sity  and  resistance  are  represented  by  T  and  R,  when  the 
current  of  this  element  has  to  traverse  a  length  l,  of  wire  as 
above^  its  intensity  will  be 

RT 
R+/; 

but,  it  will  be  very  easy  to  give  this  element  sufficient  surface, 
that  in  making  l:=zo,  its  intensity,  T,  would  be  greater  than 
that  of  a  pile  composed  of  n  smaller  elements;  but  even  when 
a  very  small  value  is  given  to  /,  its  intensity  is  generally 
weakened  in  an  enormous  proportion,  while  the  intensity  of 
the  pile  remains  almost  the  same.  Thus  in  this  respect  to 
compare  an  element  with  a  pile,  T  and  R  must  at  the  same 
time  be  very  great,  which,  perhaps,  is  realised  by  some  very 
energetic  chemical  actions,  and  also  fulfilling  some  other 
concUtions. 

6.  Experiments  with  several  elements  placed  pole  to  pole. 
To  determine  the  law  of  the  intensity  of  given  currents,  by 
several  elements  placed  pole  to  pole,  and,  consequently,  form- 
ing a  pile  with  great  suidhce  and  a  single  element,  we  have 
connected  the  two  positive  and  the  two  negative  poles  of  the 
elements,  A  and  B,  whose  individual  intensities  have  been  al- 
ready ascertained  (page  96),  and  of  which  the  following  are 
the  results : 


Elements  A  aand  B,  placed  pole  to  pole. 

Lengths 
added 

Deviations, 

Tangents. 

Resistances. 

0 
6 

10 
40 
70 
100 

73*00 

46  00 

3030 

d30 

640 

4*00 

8-270 
1-  " 

0-689 
0-167 
0-100 
0-070 

2*20 
2-20 
216 
2-20 
2-20 

Mean 

2-20 

In  this  experiment,  the  element  B  ought  to  be  considered  as 
makinff  a  derivation  in  the  current  produced  by  the  element 
A,  and  reciprocally  the  element  A  makes  a  derivation  in  that 
produced  by  B.  Thus  the  intensity  of  the  current  which  tra- 
verses the  compass  is  the  sum  of  two  partial  currents.  By  cal- 
culating them  according  to  the  formma  given  in  the  article  on 
derived  currents,  we  obtain  the  results  which  are  laid  down  in 
the  following  table,  and  which  are  compared  with  the  results 
of  observation. 
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Lei^t 
added. 

Deviations 
obierred. 

TangenU. 

Intensities  cal- 

calated  &  given, 

by  the  fumi  of 

the 
partial  corrents. 

Differences. 

0 

6 

10 

40 

70 

100 

73«00' 

45  00 

80-80 

9-80 

5-40 

40 

1-000     f||:*?6|  1.002 

— 3* 

—8 

—6 
—3 

Thus  in  this  case^  the  individual  currents  of  the  two  ele- 
ments join  and  i^uperpose  themselves  in  some  mailner  without 
any  particular  modification.  This  result  is  remarkable^  in 
more  than  one  respect :  for  it  shows  that  when  a  wire  is  tra- 
versed by  a  current  of  a  certain  tension^  it  is  not  less  fit  to 
receive  another  current,  even  though  it  may  be  produced  by 
a  source  of  less  tension ;  which  gives  a  fresh  proof  that  the 
currents  are  assimilated  to  certain  quantities  of  motion^  and 
that  it  is  not  necessary  to  consider  electric  conductors  as  a 
species  of  tube  giving  passage  to  a  fluids  and  offering  as  much 
more  resistance  as  they  are  increased  in  lengdi,  so  that  the 
fluid  diminishes  in  velocity  or  quantity,  and  is  obliged  either 
to  reflow  towards  the  source,  or  at  least  to  be  accumulated  in 
a  CTcater  proportion. 

Experiment  has  given  us  this  general  formula  to  express  the 
intensity  of  the  current  product  by  several  elements  unit^ 
pole  to  pole : 

^i^*, .  'Tn+lir^r^ .  .rn+TiV^ .  •r«+&c.)  * 
for  the  case  in  which  all  the  elements  would  have  the  same 
intensity  and  the  same  resistance  the  formula  becomes: 
nr^t  nrt  , 

hence  for  /=o,  the  intensity  is  nt. 

But  immediately  we  add  to  the  circuit  of  the  elements  them- 
selves a  length  /  oi  a  wire  equivalent  otdy  to  n  titnes  the  resis- 
tance r  of  one  of  the  elements,  the  intensity  becomes: 

nt 


l+n« 


that  is  to  say,  that  in  this  case  it  diminishes  very  rapidly  in 
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proportion  as  we  increase  the  number  of  the  elements^  so 
much  that  the  intensity  of  a  single  element  would  be  almost 
ten  times  greater  than  that  of  a  pile  of  ten  elements. 

7.  The  summary  of  the  experiments  contained  in  this  me- 
moir lead  as  a  last  result  to  these  two  general  laws^  which  are 
of  a  remarkable  simplicity. 

1. — An  electric  source  is  capable  of  a  constant  electro-dyna- 
mic effect,  whatever  may  be  the  nature  and  extent  of  the 
metallic  circuit  traversed  by  the  current  it  produces. 

2. — When  we  connect  several  electric  sources,  their  effects 
join  or  superpose  themselves  without  modification. 

Experiments,  already  very  numerous,  authorize  us  to  think 
also  that  an  electric  source  is  capable  of  producing  a  constant 
quantity  of  heat,  and  that  it  is  possible  to  estimate,  by  quan- 
tities of  heat,  or  by  quantities  of  ice  melted,  the  quantities 
of  electricity  given  by  the  piles,  the  chemical  reactions,  or  in 
general  by  the  electric  sources. 

XIV.  Observations  on  Sulphurotis  Ether,  and  Sulphate 
ofEtherine  (the  true  Sulphuric  Ether  J.  By^  R.  Hare, 
M.D.y  Professor  of  Chemistry  in  the  University  of 
Pennsylvania. 

It  is  known  that  when  two  parts,  by  weight,  of  sulphuric 
acid  are  distilled  with  one  of  alcohol,  a  yellow  sulphurous  liquid 
is  obtained.  Berzelius  alleges,  that  when  this  liquid  is  exposed 
in  an  exhausted  receiver  over  sulphuric  acid  and  hydrate  of 
potash,  an  oleaginous  liquid  remains,  which  he  designates  as 
**  oil  of  tcine  containing  sulphuric  acid,  or  heavy  oil  ofwine^^ 

This  oil  is,  by  the  same  author,  described  as  being  heavier 
than  water,  as  having  a  penetrating  aromatic  odour,  and  a 
cool  pungent  taste,  resembling  that  of  peppermint.  It  is,  in 
fact,  the  liquid  which  Hennel  first  analysed  as  oil  of  wine, 
without,  at  the  same  time,  mentioning  the  process  by  which 
it  was  procured.  No  doubt  the  difference  between  it  and 
that  procured  by  Boullay  and  Dumas,  was,  in  some  degree, 
the  cause  of  the  discordance  between  his  observation  and 
theirs.  According  to  Hennel,  the  oil  of  wine  consists  of  an 
atom  of  sulphuric  acid,  and  an  atom  of  hydrocarbon; 
S+4C-4-4H.  By  the  last  mentioned  appellation,  this  skilful 
chemist  designates  a  compound,  consisting  of  four  atoms  of 
carbon,  and  four  of  hydrogen. 

SeruUus  represents  the  oil  in  question  as  coiisisting  of  two 
atoms  of  the  acid,  two  of  hydrocarbon  or  etherine,  and  one  of 
water. 
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To  the  hydrocarbon  of  Hennel  (4CH),  as  the  common  base 
of  all  the  ethers,  excepting  those  lately  alleged  to  have  my- 
theline  for  a  base  ;  the  name  of  etherine  has  been  given ;  so 
that  the  heavy  oil  of  wine  may  be  called  the  sulphate  of  ethe- 
rine :  or,  according  to  the  formula  of  Serullas,  2SE4-H,  it  is  a 
hydrous  sulphate  of  etherine.  It  is  in  fact,  the  only  compound 
to  which  the  name  of  sulphuric  ether  can  be  applied  with  pro- 
priety. The  yellow  liquid  out  of  which  it  is  procured,  as 
above  stated,  may  be  designated  as  the  ethereal  sulphurous 
sulphate  of  etherine. 

Another  oil,  lighter  than  water,  resulting  from  the  distilla- 
tion of  the  ethereal  sulphurous  sulphate  of  etherine,  from  hy- 
drate of  lime,  or  from  potash,  is  described  by  Berzelius  as  oil 
of  wine  exempt  from  sulphuric  acid.  Of  this  the  odour  is 
represented  as  disagreeable;  and,  though  nothing  is  said  of 
its  taste,  it  is  to  be  presumed  that  it  differs  from  the  heavy 
oil  of  wine  in  this  respect,  as  well  as  in  its  odour  and  specific 
gravity. 

Thenard  alleges,  that  when  the  heavy  oil  of  wine  is  heated 
with  water  for  some  time,  a  liquid  swims  on  the  water,  which, 
if  refrigerated  by  ice,  will,  within  twenty-four  hours,  deposit 
crystals.  The  mother  liquid  he  calls  light  oil  of  wine,  while 
to  the  crystals  he  gives  the  name  of  concrete  oil  of  wine. 
Hennel  mentions  his  having  obtained  a  similar  product  by 
the  reaction  of  oil  of  wine  with  water,  or  an  aqueous  solution 
of  potash ;  and  treats  the  crystalline  matter  as  the  base  of 
the  heavy  oil  of  wine,  deprived  of  its  acid ;  or,  in  other  words, 
as  his  ^^hydrocarbon;"  or,  as  above  mentioned,  etherine. 

Considering  how  much  has  been  written  on  this  topic,  I  am 
surprised  that  I  have  met  with  no  statements  respecting  the 
reaction  of  ammonia  with  the  above  mentioned  ethereal  sul- 
phurous sulphate  of  etherine. 

Since  the  year  1818, 1  have  been  accustomed  to  saturate 
the  acid  in  that  liquid  by  ammonia.  The  residue  being  ren- 
dered very  fragrant,  and  entirely  freed  from  its  sulphurous 
odour,  by  admixture  with  about  twenty-four  parts  of  alcohol, 
was  found  to  constitute  an  anodyne,  possessmg  eminently  all 
the  efficacy  of  that,  so  long  distinguished  by  the  name  of 
Hoffman.  When  the  residue,  remaining  after  saturation  with 
ammonia,  was  distilled  in  a  water  bath,  ether  came  over,  and 
left  an  oil,  which  I  was  accustomed  to  consider  as  the  oil  of 
wine. 

I  had  observed  that,  in  the  process  above  mentioned,  there 
was  a  striking  evolution  of  vapour,  which  seemed  irreconcil- 
able with  the  received  opinion  of  the  re-agents  employed. 
Since  the  affinity  between  the  ammonia  and  sulphurous  acid 
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is  energetic,  it  did  not  appear  to  be  reasonable  that  a  copious 
escape  of  the  one  should  be  caused  by  its  admixture  with  the 
other ;  and  it  was  no  less  improbable  that  the  vaporization  of 
hydric  ether,  in  its  natural  state,  could  take  place  at  tempera- 
tures so  much  below  its  boiling  point  as  those  at  which  this 
f)henomenon  was  noticed.  In  order  to  ascertain  the  truth,  I 
uted  a  ftinnel,  Airnished  with  a  glass  cock  and  an  air  tight 
stopple,  into  the  tubulure  of  a  retort,  of  which  the  beak  was 
so  recurved  downwards  as  to  enter  and  be  luted  into  the  tubu- 
lure of  another  retort.  The  beak  of  the  latter  passed  under 
a  bell  over  water. 

Both  retorts  were  about  half  full  of  liquid  ammonia,  and 
surrounded  with  ice.  The  apparatus  being  thus  arranged, 
about  a  thousand  grains  of  the  ethereal  sulphurous  sulphate 
of  etherine  were  poured  into  the  funnel,  and  thence  gradually 
allowed  to  descend  into  the  ammonia  in  the  first  retort. 
Notwithstanding  the  refrigeration,  much  heat  was  perceptible, 
and  a  copious  evolution  of  vapour,  which,  passing  into  the 
second  retort,  was  there  absorbed  or  condensed,  none  being 
observed  to  reach  the  bell  glass.  At  the  close  of  the  opera- 
tion, hydric  ether,  holding  oil  of  wine  in  solution,  floated  upon 
the  ammonia  in  the  first  retort,  and  pure  ether,  of  the  same 
kind,  floated  on  the  ammonia  in  the  second. 

The  ammonia  in  both  retorts  gave  indications  of  the  pre- 
sence of  sulphurous  acid,  on  the  addition  of  sulphuric  acid. 
From  these  results,  I  inferred  that  a  chemical  compound  of 
sulphurous  acid  and  hydric  ether  formed  the  principal  portion 
of  the  yellow  liquid,  and  might  be  separated  by  distillation. 
Accordingly,  by  means  of  retorts  arranged  and  refrigerated 
as  above  described,  I  procured  a  portion  of  sulphurous  ether, 
which  boiled  at  41**,  and  which,  when  agitated  with  ammonia 
in  a  bottle,  produced  so  much  heat  and  consequent  vapour,  as 
to  expel  the  whole  contents  in  opposition  to  the  pressure  of  my 
thumb.  By  employing  the  same  distillatory  apparatus,  I 
subjected  2150  grains  of  the  ethereal  sulphurous  sulphate  of 
etherine  to  distUlation,  and  obtained  726  grains  of  sulphurous 
ether,  which  boiled  as  soon  as  the  frigorific  mixture  was  re- 
moved from  the  containing  retort.  This  being  redistilled^  as 
in  a  former  experiment,  so  as  to  receive  the  product  in  am- 
monia, left  in  the  retort  five  grains  of  oil  of  wine.  .  The  result- 
ing ammoniacal  liquid,  saturated  with  chloride  of  barium  in 
solution,  gave  a  precipitate,  which,  agreeably  to  the  table  of 
equivalents,  contained  356  grains  of  sulphurous  acid. 

The  residue  of  the  2150  grains  of  ethereal  sulphate  being 
subjected  to  distillation,  raising  the  temperature  from  95**, 
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the  point  at  which  it  had  been  before  discontinued,  to  140*, 
the  product  obtained  by  means  of  a  refrigerated  receiver, 
weighed  602  grains.  This  was,  of  course,  infoorior  in  volatility 
to  the  first  portion  distilled ;  and,  when  redistilled,  it  was 
found  to  contain  a  small  quantity  of  oil  of  wine.  In  fact,  it 
appears,  the  boiling  point  of  the  ethereal  sulphurous  sulphate 
rises,  not  only  as  the  ratio  of  the  sulphurous  acid  lessens,  but 
also  as  the  proportion  of  oil  of  wine  augments. 

The  residual  liquid  being  exposed  to  the  heat  of  a  water 
bath  at  212'';  a  very  fragrant,  and  well  flavoured  oil  of  wine 
was  evolved,  and  floated  upon  a  quantity  of  water  acidulated 
by  sulphuric  or  sulphovinic  acid. 

Agreeably  to  another  experiment,  1750  grains  by  weight, 
of  the  ethereal  sulphurous  sulphate  of  etherine,  after  washing 
with  ammonia,  gave  869  grains  of  an  ethereal  solution  of  oil 
of  wine.  This  being  subjected  to  distillation  by  a  water  bath 
raised  gradually  to  190%  there  remained  in  the  retort  148 
grains  of  oil,  beneath  which  there  were  a  few  drops  of  acidu- 
lated water.  Agreeably  to  the  result  of  several  experiments, 
the  ethereal  sulphurous  sulphate  of  etherine  yields  about  half 
its  weight  of  the  ethereal  solution  of  oil  of  wine.  The  quan- 
tity is  always  somewhat  less  thanhalf  when  weighed  ;  but  the 
deviation  is  not  greater  than  might  be  expected  to  result  from 
the  loss  by  evaporation,  and  the  diversity  of  refrigeration  em- 
ployed in  the  condensation  of  the  ethereal  sulphurous  sulphate, 
during  the  process  by  which  it  is  evolved. 

Under  the  expectation  of  procuring  a  sulphurous  ether  of  a 
still  higher  degree  of  volatility,  I  associated  with  the  apparatus 
usually  employed  in  the  process  for  generating  hydric  ether, 
a  series  of  tubulated  retorts,  of  which  the  beaks  were  recurved 
downwards  in  such  a  manner  that  the  beak  of  the  first  com- 
municated with  a  perpendicular  tube,  passing  through  an 
open-necked  cylindrical  receiver,  so  as  to  enter  the  tubulure 
of  the  second  retort,  of  which  the  beak  was  in  like  manner 
inserted  into  a  tube  passing  through  a  receiver  in  a  third  re- 
tort, and  this  communicated  in  like  manner  with  a  fourth 
retort.  The  second,  third,  and  fourth  retorts,  and  the  tubes 
entering  them,  were  all  refrigerated,  the  first  with  ice,  the 
fiecond  v^ith  ice  and  salt,  and  the  third  with  ice  and  chloride 
of  calcium. 

By  these  means,  on  subjecting  to  distillation  in  the  first 
retort  48  ounces  of  alcohol  of  830,  and  a  like  weight  of  sul- 
phuric acid,  besides  the  ethereal  sulphurous  sulphate  of  ethe- 
rine usually  resulting  from  the  process,  and  condensing  in  the 
first  receiver;  it  was  found  that  in  the  other  ret(»ts  severally> 
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there  were  liquids  of  various  degrees  of  volatility.  That  in 
the  last  boiled  at  28%  but  the  boiling  points  rose  gradually 
as  the  quantity  of  the  residual  liquid  diminished. 

In  oiuer  to  ascertain  the  nature  of  the  sulph- acids  abstracted 
from  the  ethereal  sulphurous  sulphate  of  etherine  by  the  am- 
monia employed,  chloride  of  barium  was  added  in  excess  to 
the  resisting  ammoniacal  solution^  until  no  further  precipitate 
would  ensue.  The  liquid  having  been  rendered  quite  clear  by 
filtration,  soon  became  milky.  By  evaporation  to  dryness, 
and  exposure  to  a  red  heat,  a  residuum  was  obtained  which 
proved  partially  insoluble  in  chlorohydric  acid,  and  by  ignition 
with  charcoal,  yielded  sulphide  of  barium.  It  appears,  there- 
fore, that  a  hyposulphate  of  barytes  existed  in  the  liquid  after 
it  was  filtered ;  as  I  believe  that  the  hyposulphuric  acid  is  the 
only  oxacid  of  sulphur  which  is  capable  of  forming  with  ba- 
rytes a  soluble  compound,  susceptible,  by  access  of  oxygen,  of 
being  converted  into  an  insoluble  sulphate,  and  precipitating 
m  consequence. 

It  must  be  evident  fi:om  the  facts  which  I  have  narrated, 
that  the  yellow  liquid  obtained  by  distilling  equal  measures 
of  sulphuric  acid  and  alcohol,  consists  of  oil  of  wine  h^ld  in 
solution  by  sulphurous  ether,  composed  of  nearly  e(][ual  volumes 
or  weights  of  its  ingredients ;  also,  that  the  affinity  between 
the  ether  and  the  acid  is  analogous  to  that  which  exists  be- 
tween alcohol  and  water.  The  apparent  detection  of  sulphuric 
acid  in  the  ammonia,  justifies  a  surmise,  that  the  etherine 
distils  in  the  state  of  a  hyposulphate,  which  subsequently 
undergoes  a  decomposition  into  sulphurous  acid  and  sulphate 
of  etherine. 

The  liqtdd  above  alluded  to,  as  resulting  fi-om  the  satura- 
tion of  the  ethereal  sulphurous  sulphate  of  etherine  by  ammo- 
nia, and  distillation  by  means  of  a  water  bath  gradually  raised 
to  a  boiling  heat,  is  a  very  fragrant  variety  of  oil  of  wine.  It 
differs  from  that  described  by  Berzelius  as  the  heavy  oil  of 
wine  of  Hennel  and  Serullas,  in  being  lighter  and  containing 
less  sulphuric  acid.  I  have  a  specimen  exactly  of  the  specific 
gravity  of  water,  and  have  had  one  so  light  as  to  float  on  that 
Uquid.  The  oil  of  wine  obtained  by  ammonia  approximates, 
in  its  (|ualities,  to  the  variety  which  Th^nard  describes  as 
light  oil  of  wine.  The  presence  of  sulphuric  acid  in  a  definite 
or  invariable  ratio  does  not  appear  requisite  to  the  distinctive 
flavour  or  odour  of  oil  of  wine. 

The  heavy  oil  of  wine  treated  by  Hennel  as  sulphate  of 
hydro-carbon,  3S4-4CH;  and  by  Serullas  as  a  hydrous  sulphate 
<rf  etherine  4ch+2Sji-h;  I  have  obtained,  as  above  n>entioned, 
by  exposing  the  ether^  sulphurous  stilphlate  of  etherine,  in 
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vacuo,  over  the  hydrate  of  lime,  or  potash,  and  sulphuric 
acid.  This  variety  sinks  in  water,  being  of  the  specific  gravity 
of  1'09  nearly;  is  of  a  deeper  hue  than  the  other,  and  of  a 
smell  less  active,  with  a  taste  somewhat  more  rank.  A  spe- 
cimen of  oil  thus  obtained  being  subjected  to  the  distillatory 
process,  a  portion  came  over  undecomposed,  leaving  in  the 
retort  a  carbonaceous  mass.  14  grains  of  the  oil  which  had 
not  undergone  distillation,  and  a  like  portion  of  the  distilled 
oil,  were  severally  boiled  in  glass  tubes  with  nitric  acid  until 
red  fumes  ceased  to  appear ;  about  28  grains  of  pure  nitre 
were  added  to  each,  some  time  before  the  boiling  was  discon- 
tinued. The  resulting  liquid  was  in  each  case  poured  into  a 
platina  dish,  boiled  dry,  and  afterwards  deflagrated  by  a  red 
heat.  The  residual  mass  being  subjected  to  water,  the  re- 
sulting solution  was  filtered,  an  excess  of  nitric  acid  added, 
and  then  nitrate  of  barytes  in  excess. 

The  precipitate  obtained  from  the  distilled  oil,  weighed, 
when  dry,  only  nine  and  five-eighths  grains,  while  that  procured 
from  the  oil  which  had  not  been  distilled,  amounted,  under 
like  circumstances,  to  fourteen  and  one-eighth  grains.  Ten 
grains  of  another  portion,  left  for  some  time  over  liquid  am- 
monia, yielded  only  seven-eighths  of  a  grain  of  sulphate. 

About  a  drachm  of  Hennel's  oil  of  wine  was  subjected  to 
distillation  with  strong  liquid  ammonia ;  fourteen  and  a  half 
grains  came  over,  retaining  the  appropriate  fragrance  and  fla- 
vour. This  yielded,  by  the  process  above  described,  only  two 
grains  of  sulphate  of  barytes.  After  all  the  water  and  ammo- 
nia had  distUled,  the  receiver  was  changed,  and  fourteen  grains 
of  oil,  devoid  of  the  fragrance  and  flavour  of  the  oil  of  wine, 
were  obtained.  This  yielded  one  and  one-eighth  grains  of 
sulphate.  A  carbonaceous  mass,  replete  with  sulphuric  acid, 
remained  in  the  retort. 

Hennel  states  that  when  oil  of  wine  was  heated  in  a  solution 
of  potash,  an  oil  was  liberated  which  floated  upon  water,  having 
but  little  fluidity  when  cold;  and  which,  in  some  cases,  par- 
tially crystallized.  When  gently  heated,  it  became  clear,  and 
of  an  amber  colour.  The  vapour  had  an  agreeable,  pungent, 
aromatic  smell.     ITiis  oil  must  have  been  pure  etherine. 

It  is  not  improbable  tha^  this  oil,  which  may  be  considered 
as  devoid  of  sulphuric  acid,  is  more  or  less  liberated  in  evolving 
oil  of  wine,  according  to  the  nature  of  the  process  employed; 
and  that  th6  oil  alluded  to  by  ThSnard,  and  those  procped  by 
me  by  simple  distillatiorr,  ebullition,  or  distillation  with  am- 
monia or  potassium,  are  mixtures  of  the  etherine  with  its  sul- 
phate in  various  proportions.  As  it  is  well  known  that  the 
odour  of  the  essential  oils  is  rendered  more  active  by  dilution. 


Digitized  by 


Google 


Mr,  Sturgeon,  on  Electro-dynamics.  109 

the  livelier  smell  of  the  solutions  may  be  consistent  with  a 
diminished  proportion  of  the  odoriferous  matter. 

Oil  of  wine  cannot  be  distilled  per  se  without  partial  decom- 
position, which  does  not  take  place  below  the  temperature  of 
300.  When  subjected  to  the  distillatory  process,  over  potas- 
sium, at  a  certain  temperature,  a  brisk  reaction  ensued,  and 
the  oil  and  metal  agglutinated  into  a  gelatinous  mass.  By 
raising  the  temperature  the  mass  liquefied,  and  a  colourless 
oil  came  over,  which  retained  the  odour  of  oil  of  wine.  Mean- 
while some  of  the  potassium  remained  unchanged,  and  ap- 
Ssared  within  the  liquid  in  the  form  of  pure  metallic  globules, 
n  pouring  into  the  retort  a  portion  of  nitric  acid  in  order  to 
remove  the  caput  mortuum,  ignition  took  place  from  the  pre- 
sence of  the  potassium. 

XV.  Researches  in  Electro-dynamics,  Experimental  and 
Theoretical,  5y  William  Sturgeon,  Lecturer  on  Experi- 
mental Philosophy,  at  the  Honourable  East  India  Com- 
pany's Military  Seminary  y  Addiscombe. 

On  the  production  of  secondary  electric  currents  in  a  metallic 
spiral^  independently  of  opening  and  shutting  the  Bat- 
tery circuit:  or,  of  giving  motion  to  either  the  primitive  or 
secondary  conducting  wires. 

Secondary  electric  currents  have  hitherto  been  produced 
by  two  distinct  processes,  very  different  from  each  other. 
One  of  these  processes  requires  motion  of  either  the  primitive's 
or  secondary's  conducting  wire,  or  of  both  at  the  same  time : 
and  the  other  requires  the  sudden  opening  or  shutting  of  the 
primitive  battery  circuit. 

The  phenomena  exhibited  by  these  two  processes  of  excita- 
tion, though  perfectly  identical,  for  awhile  appeared  untrace- 
able to  any  definite  cause;  and  had  not  the  laws  of  magnetic 
electricity  been  previously  developed,  and  obtained  an  intel- 
ligible aspect,  it  is  probable  that  the  doctrine  of  secondary 
electric  currents  had  not  yet  been  very  well  understood.  But 
by  keeping  in  view  the  laws  which  govern  magnetic  electrical 
excitation,  it  was  not  difficult  to  trace  secondary  electric 
currents  to  a  similar  source  of  production.  I  have  endeavoured, 
in  former  papers  in  these  Annals,*  to  simplify  these  laws  as 
far  as  they  appear,  to  me,  to  be  susceptible:  and,  if  I  mistake 
not,  they  are  now,  as  far  as  they  proceed,  in  as  intelligible  a 
form  as  any  system  of  laws  that  has  hitherto  appeared  within 
the  precincts  of  experimental  science. 

*  See  Vol.  I.  page  1 98,  S51.  Application  of  the  theory,  &c.,  ^6. 
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At  the  time  I  was  arranging  the  experimental  problems  for 
solution  by  the  application  of  my  theory  of  magnetic  electricity, 
it  occurred  to  me  that,  if  the  views  which  I  had  taken  were 
Correct,  secondary  electric  currents  ought  to  be  produced 
independently  of  either  a  motion  given  to  the  conducting  wires, 
or,  of  opening  and  shutting  the  battery  circuit.  F(»-  since  the 
I^enomena  of  secondaries  depend  upon  the  motions  of  the 
electro-magnetic  lines  of  the  primitive  battery  current,  or  its 
conductor;  and  as  those  lines  may  be  put  into  motion  in  a 
variety  of  ways  without  any  sudden  disruption  of  the  primitive 
circuit,  by  merely  varying  the  degree  of  the  battery's  action, 
it  only  required  the  selection  of  the  easiest  plan  of  accomplish- 
ing  the  latter  point  in  order  to  proceed  at  once  to  an  experi- 
ment, which,  if  successM,  promised  to  be  more  important  than 
anyother,  yeton  record,  in  supporting  the  doctrine  of  secondary 
electric  currents,  which  I  was  then  presenting  to  the  notice 
(^philosophers. 

The  first  apparatus  employed  in  this  investigation  consisted 
of  two  concentric  coils  of  wire,  one  above  the  other,  on  the 
same  reel ;  a  galvanometer ;  and  a  voltaic  battery  of  a  single 
pair.  The  copper  and  zinc  plates  of  the  battery  were  each 
six  inches  high  and  four  inches  broad,  with  conducting  wires 
attached  by  solder,  to  connect  them  with  the  inner  coil.  The 
trough  which  held  the  plates  and  acid  solutions  was  twelve 
inches  long  and  sufficiently  wide  for  the  free  motion  of  either 
plate  parallel  to  its  own  plane,  from  one  end  to  the  other.  The 
zinc  plate  was  fixed,  by  slips  of  wood,  close,  and  parallel,  to  one 
end  of  the  trough,  which  was  filled  to  a  little  less  than  four 
inches  deep,  with  very  dilute  nitrous  acid.  The  ends  of  the 
inner  coil- wire  being  connected  with  the  copper  and  zinc  plates, 
and  the  ends  of  the  outer  coil-wire  with  the  galvanometer,  the 
experiments  were  carried  on  in  the  following  manner. 

On  plunging  the  copper  plate  into  the  acid  solution  at  the 
distance  of  six  inches  from  the  zinc,  the  battery  current  rushed 
through  the  inner  coil,  and  the  galvanometer  needle  was  de- 
flected by  the  secondary  produceoi  in  the  outer  coil,  according 
to  the  law  which  governs  the  excitation  by  a  distention  of  the 
electro-magnetic  lines  of  the  battery  current.  When  the  needle 
had  come  to  rest  again,  the  copperplate  was  advanced  towards 
the  zinc,  until  within  half  an  inch  of  the  latter  metal.  The 
needle,  during  this  motion  of  the  copper,  was  again  deflected 
in  the  same  direction  as  before,  indicating  a  flow  of  a  current 
through  the  galvanometer,  and  consequently  through  the  outer 
coil.  The  copper  plate  was  now  made  to  recede  from  the  zinc 
to  nearly  the  opposite  end  of  the  trough,  during  which  the 
needle  deviatea  on  the  other  side  of  the  meridian,  indicating 
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the  flow  of  a  secondary  current  in  the  opposite  direction  to 
the  former.  By  timing  the  motions  of  the  copper  plate^  to 
and  from  the  zinc,  to  the  motions  of  the  needle,  the  latter  was 
made  to  sweep  over  an  arc  of  40*  on  each  side  of  the  meridian. 

The  results  of  these  experiments  were  in  strict  accordance 
with  my  anticipations,  and  were  perfectly  satisfactory  as  &r 
as  regards  the  production  of  secondary  electric  currents  by 
periodic  vicissitudes  in  the  energy  of  the  primitive.  To  un- 
derstand  the  mode  of  excitation  of  these  secondaries,  it  is 
only  necessary  to  bear  in  mind  that  the  electro^magnetic  lines 
of  the  primitive  are  never  stationary  only  whilst  that  current 
is  of  an  invariable  energy,  and  that  every  vicissitude  of  the 
latter  is  attended  by  a  corresponding  motion  of  the  former. 
When  the  power  of  the  battery  current  is  exalting,  by  the 
gradual  approach  of  the  copper  to  the  zinc,  the  electro-mag- 
netic atmosphere,  of  the  inner  coil,  is  distending,  and  gives 
the  exciting  impressions  to  the  exterior  coil.  But  as  the 
copper  plate  recedes  from  the  zinc,  the  battery  current  becomes 
graduaUy  feebler,  and  a  corresponding  collapsion  of  it« 
magnetic  lines  takes  {dace.  Exciting  impressions  are  now 
given  to  the  exteric^r  coil,  producing  a  secondary  current  in 
the  opposite  direction  to  the  former. 

Notwithstanding  these  satisfactory  results,  the  battery  I 
employed  was  by  no  means  well  adapted  for  the  purpose  of 
the  experiment.  The  wave  oi  acid  solution,  produced  by  the 
motions  of  the  copper  plate,  would  frequently  flow  over  the 
side  of  the  trouffh,  and  cause  a  nuisance  oa  Uie  table  it  was 
placed  on ;  besides  which,  the  trough  itself  was  too  ctuiibers<»ne 
for  a  lecture-table  apparatus :  and  the  power  of  the  secondaries, 
by  this  process,  were  not  sufficient  for  prompt  illustration  to  an 
extensive  class. 

The  battery  I  now  use  for  exhibiting  secondary  electric 
currents,  by  varying  the  energy  of  the  primitive,  consists  of 
two  long  narrow  concentric  cylinders  of  copper  imd  zinc ; 
one  of  each  metal:  the  zinc,  being  the  inner  one,  is  covered 
with  calico  to  prevent  its  touching  the  copper,  in  which  it  is 
fixed  by  wedges  or  otherwise.  To  the  top  of  each  cylinder  is 
soldered  a  long  copper  wire,  for  connexions  with  the  inner 
coil  of  the  reel.  The  cylinders  are  placed  in  a  glass  jar,  ten 
inches  high  and  about  two  in  diameter. 

When  the  connexions  are  properly  made,  the  inner  coil  with 
the  battery,  and  the  outer  one  with  the  galvanometer,  the  jar 
is  to  be  nearly  filled  with  acid  solution.  This  done,  the  bat- 
tery action  is  lessened  by  lifting  the  metallic  cylinders  gently 
upwards,  exposing  a  less  and  less  surface  to  the  acid  solution. 
By  this  means  a  secondary,  of  considerable  deflecting  power. 
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is  brought  into  play.  The  opposite  secondary  is  produced  by 
letting  the  metal  down  again,  and  thus  augmenting  the  energy 
of  the  primitive.  And  by  proceeding  in  this  manner,  moving 
the  metals  up  and  down  in  the  acid  solution,  in  correspondence 
with  the  motions  of  the  needle,  the  latter  is  soon  made  to 
sweep  a  very  extensive  arch  of  the  card.  The  metals,  by  this 
process,  are  never  permitted  to  quit  the  acid  solution,  and, 
consequently,  the  secondaries  are  not  produced  by  opening 
and  shutting  the  circuit :  neither  are  they  momentary  only, 
as  by  those  processes:  which  is  a  great  advantage  in  the  pro- 
duction of  deflections,  and  also  in  that  of  decompositions. 

Another  method  of  producing  secondary  electric  currents, 
without  opening  and  shutting  the  primitive's  circuit,  is  by 
means  of  the  magnetic  electrical  machine  described  in  the 
last  number  of  these  '*  Annals :"  or  with  any  other  magnetic 
electric  machine,  to  which  a  similar  discharging  apparatus 
is  attached.  The  polar  springs  of  the  machine  (or  the  polar 
cells  as  described  in  article  one,  of  this  volume),  which  are 
connected  with  the  semi-wheels,  fig.  6,  plate  I.  are  united,  by 
wire,  to  the  extremities  z,  c,  of  the  inner  coil  wire  fig.  125, 
plate  XV.  vol.  I :  and  a  galvanometer,  or  other  apparatus,  to 
the  extremities  r,  r,  of  me  outer  coil  wire.  By  turning  the 
wheel  of  the  machine,  the  usual  deflections  of  the  needle,  and 
other  phenomena,  are  produced  by  the  secondary  current. 

When  interruptions  are  made  m  the  primitive,  as  in  the 
method  of  producing  shocks  by  magnetic  electrical  machines, 
and  the  cylinders  r,  r,  fig.  125,  are  held  in  the  hands,  shocks, 
still  more  powerfiil  than  those  given  by  the  machine,  are 
experienced.  The  bundle  of  iron  wires  has  here  its  singular 
efiect  of  increasing  the  power  of  the  shocks. 

A  series  of  experiments,  with  this  apparatus,  wiU  shortly 
be  ofiered  to  the  notice  of  the  Electrical  Society.  I  have, 
therefore,  in  this  place,  recorded  only  a  brief  statement  of 
these  novel  facts,  which  can  hardly  fail  to  produce  an  impor- 
tant change  in  the  construction  of  magneticelectrical  machines. 


XVI.  JVotes  on  Chemistry,  8fc.  By  J.  W.  Bailey, 
acting  Prof.  Chem.  Sfc,  U.  S.  Mil.  Academy,  West 
Point* 

1.  Substitution  for  frogs  in  Galvanic  Experiments. 
Persons  who  may  have  occasion  to  repeat  Galvani's  experi- 
ment on  the  legs  of  frogs,  will  doubtless  be  pleased  to  hear 
of  some  substitute,  which  will  enable  them  to  dispense  with 

+  From  Silliman's  American  Philosophical  Journal. 
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the  disgusting  operation  of  cleaning,  skinning,  &c.  which 
are  necessary  before  the  legs  of  a  frog  can  be  used.  I  find 
that  a  leg  of  the  common  grasshopper  may  be  made  to  exhibit 
the  muscular  contractions ;  and  as  it  appears  to  be  easily  af- 
fected by  electricity,  can  frequently  be  obtained  when  frogs 
cannot;  can  be  prepared  at  a  minute's  notice;  and  retains  its 
irritability  for  five  or  ten  minutes,  it  forms  an  excellent  sub- 
stitute. 

The  method  of  preparation  consists  merely  in  removing 
with  a  sharp  penknife,  from  each  side  of  the  thick  part  of  one 
of  the  leaping  legs,  a  portion  of  the  skin,  so  as  to  expose  the 
flesh ;  then  by  laying  the  underside  of  the  leg  upon  a  small 
piece  of  moistened  zinc,  and  bringing  the  piece  of  copper  in 
contact  with  the  flesh  exposed  on  the  upper  side,  no  motions 
will  be  observed  until  the  copper  also  touches  the  zinc,  when 
quick  movements  or  jerks  of  the  lower  part  of  the  leg  will  be 
seen,  each  time  that  contact  is  made.  In  fig.  14,  plate  III, 
z  is  the  zinc,  c  the  copper.  A,  B,  the  part  of  the  leg  which 
will  be  observed  to  move. 

2.  Washing  Bottles.  The  admirable  contrivances  of 
Berzelius  and  Gay  Lussac,  by  means  of  which  a  substance 
to  be  washed  upon  a  filter,  may  be  supplied  with  water  as  fast 
as  it  is  required  are  not,  I  believe,  so  well  known  in  this 
country,  as  their  merits  entitle  them  to  be.  I  have  used  them 
with  so  much  satisfaction,  that  I  am  induced  to  send  the  ac- 
companying drawings  and  description ;  believing  that  they 
will  be  useful  to  some  persons,  who  may  be  engaged  in  analy- 
sis or  pharmacetical  preparations,  and  to  whom  they  may  be 
unknown. 

Berzelius  remarks  (Traits,  tome  viii,  p.  270.)  "  Few 
modern  instruments  are  so  valuable  to  the  practical  chemist 
as  these  simple  washing  bottles,  since  by  means  of  them,  the 
washing  may  be  continued  during  all  the  time  the  operator 
may  be  obliged  to  be  absent,  and  during  his  presence  it  re- 
quires no  particular  attention,"  except  to  see  that  channels  do 
not  form,  which  may  lead  the  water  off  too  rapidly. 

The  bottle  used  by  Berzelius  is  fitted  with  a  perforated 
cork,  in  which  is  inserted  a  tube  of  the  form  and  dimensions 
represented  by  fig.  15,  plate  III.  A,  B,  is  a  tube  drawn  out 
below  and  turned  up,  terminating  in  a  small  orifice,  C.  The 
small  piece  of  quill  tube,  D.  communicates  with  A,  B,  by 
the  orifice  E.  A  person  tolerably  skilled  in  the  use  of  the 
table  blow  pipe,  can  make  one  of  these  in  ten  minutes. 

The  tube  thus  prepared  is  fixed,  by  means  of  a  perforated 
cork,  in  a  bottle  containing  water,  and  reversed  over  the  filter, 
as  in  fig.  16,  so  that  the  orifice,  C,  is  placed  just  below  the 
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upper  surface  of  the  liquid  in  the  filter.  When  this  liquid 
falls  below  a  line,  F,  G,  the  weight  of  the  column  of  water, 
from  E  to  F  G,  overcomes  the  capillary  attraction^  which  re- 
tained a  portion  of  water  in  the  tube,  D ;  air  will,  conse- 
quently, enter  at  E,  and  water  escape  at  C  ;  thus  the  water 
in  the  filter  will  be  kept  at  the  level  required.  The  pure 
water  that  issues  at  C,  displaces  the  solution  below  it  and  the 
washing  goes  on  in  the  most  rapid  and  best  manner  possible. 

Gay  £ussac*s  arrangement  is  equally  simple,  and  may  be 
prepared  with  even  more  facility  than  the  preceding.  The 
water  is  contained  in  a  wide  mouthed  bottle,  A  B,  fig.  17, 
which  is  closed  by  a  cork,  through  which  passes  a  syphon 
with  equal  legs,  C,  D,  and  a  straight  tube,  E,  F,  whose  lower 
orifice  is  a  little  above  the  level  of  the  opening  of  the  syphon. 
To  facilitate  the  entrance  of  the  air  by  means  of  this  tuoe,  it 
is  cut  off  obliauely  at  bottom,  as  shown  in  the  figure.  Tl^ 
end,  D,  of  tne  syphon  being  plunged  into  the  liquid  in 
the  filter,  the  water  will  commence  running  out,  while  air 
enters,  bubble  by  bubble,  through  the  tube,  E  F.  The  wa- 
ter in  the  filter  will  not  rise  above  the  level  of  the  orifice,  F. 

The  best  shape  of  the  syphon  is  shown  in  figure  18,  in 
which  the  exterior  opening  is  turned  upwards.  No  practical 
chemist  should  be  without  one  or  the  other  of  the  above  ar- 
rangements. 


XVII.  Robert  Were  Fox's  Observations  on  W.  J. 
Hen  wood's  '^  Rejoinder**  inserted  in  Sturgeon*s  Annals  of 
Electricity^  JVo.  7,  p.  79. 

Owing  to  some  delay  on  the  part  of  the  Booksellers,  I  did 
not  receive  the  last  number  (7)  of  the  "Annals  of  Electricity** 
till  long  after  the  usual  time;  but  I  hope,  notwithstanding 
this,  that  I  may  stiU  not  be  too  late  for  the  next  month's 
publication. 

It  is  not,  perhaps,  necessary  to  comment  on  the  tone  of 
W.  J.  Kenwood's  "  rejoinder**  beyond  referring  to  my  short 
notice  in  Annals,  No.  6,  p.  507,  to  which  he  applies  the  terms 
which  he  has  used.  If,  as  I  have  therein  stated,  his  experi- 
ments were  different  from  those  which  I  had  described,*  what 
ground  had  he  for  objecting  to  the  correctness  of  the  latter  ? 
I  could  not  well  say  more  than  I  cUd  without  showing,  which 
I  was  reluctant  to  do,  that  his  experiments,  marked  a,  6,  c, 
andrf,t  were  not  even  electrical  in  their  character,  no  circuit 

♦  Vol.  1.  p.  133,  of  Annals  of  Electricity. 
+  Ibid.  p.  225,  226. 
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having  been  formed.  In  fact,  the  bodies  intended  to  act  on 
each  other  were  insulated  by  being  placed  in  "  two  contiguous 
cells  of  a  glazed  earthenware  trough."* 

In  the  only  remaining  experiment  which  he  has  reported, 
he  employed  the  sulphuret  and  bisulphuret  of  copper,  both 
of  which  were  plunged  into  water,  holding  sulphate  of  copper 
in  solution ;  whereas  I  placed  the  bisulphuret,  and  not  the 
sulphuret,  in  a  similar  solution:  and,  in  this  experiment,  the 
effect  did  not  penetrate  much  beyond  the  surface.  It  was  only 
when  the  bisulphuret  of  copper  was  used  in  connexion  with 
zinc,  or  some  other  electro-positive  metal,  that  the  former  "was 
changed  into  the  sulphuret  to  some  depth,  and  copper  was  de- 
posited on  it  from  the  solution  in  brilliant  crystals.f 

Having  mislaid  the  notes  of  my  results,  I  cannot  lust  now 
say  precisely  how  much  the  copper  pyrites  was  reduced  in 
weight  when  the  crust  of  sulphuret  was  in  great  part  removed, 
but  I  think  that  pieces  which  originally  weighed  400  or  500 
grains,  lost  at  least  eight  or  ten  per  cent.  It  would  not,  of 
course,  have  answered  to  weigh  the  ore  till  after  the  copper 
deposited  upon  it  was  removed,  and  much  of  the  sulphuret 
came  off  at  the  same  time  in  consequence  of  its  adhering  to 
the  former  and  being  friable :  whereas  this  was  not  the  case 
with  the  pyrites  which  was  comparatively  hard  and  compact. 

W.  J.  Henwood  speaks  of  there  being  "chemical  objections** 
to  the  change  in  question  without  explaining  what  they  are, 
whilst  I,  on  the  contrary,  apprehend  that  it  may  be  easily 
accounted  for  on  chemical  principles. 

That  the  processes  of  deposition  and  decomposition  may 
simultaneously  go  on,  in  the  cases  of  compound  bodies,  such  as 
copper  pyrites,  even  at  the  electro  negative  pole,  I  apprehend 
that  no  one  who  understands  electro-chemistry  wiU  deny,  and 
that  they  do,  in  the  instance  before  us,  my  experiments  un- 
equivocally prove ;  and  if  so,  they  differ  from  those  made  by 
Becquerel,  on  W.  J.  Henwood*s  own  admission.^  Indeed,  I  do 
not  believe  that  the  former  ever  employed  pieces  of  copper 

*  Vol.  I.  p.  2^5,  of  Annals  of  Electricity. 

+  The  specimen  of  artificial  copper  ore  which  we  have  received 
from  Mr.  Fox,  has  appeared  to  us  to  be  satisfactory  evidence  of  the 
change  which  had  taken  place  from  the  bisulphuret  to  the  sulphuret 
of  copper.  The  fragments  which  had  come  off,  with  the  exception 
of  metallic  particles,  appeared  to  consist  of  the  sulphuret  only.  Enrr. 

i  Edinburgh  Philosophical  Journal,  vol  XXII.  p.  281.  Annals  of 
Electricity,  vol.  I.  p.  227.  Mining  Keview,  No.  10.  New  Series, 
p.  22  9. 
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pyrites  or  of  any  other  ores  to  produce  voltaic  action,  although 
the  latter  implies  that  he  did.* 

With  respect  to  the  non-occurrence  of  metallic  tin  in  our 
copper  lodes,  he  does  not  seem  to  be  aware  that  if  it  was  once 
deposited  under  water,  in  the  presence  of  highly  electro-ne- 
gative substances,  such  as  copper  pyrites,  iron  pyrites,  &c., 
it  would  be  decomposed,  and  enter  into  combination  with 
oxygen,  &c. 

I  might  extend  my  remarks  to  other  points ;  but  I  refrain, 
not  having  leisure  for  such  employment. 

XVIII.      ElectrO'Magnetic   Telegraph.     By    Professor 
Morse,  of  the  Kexv  York  City  University,  f 

While  a  contest  is  waging  in  several  countries  of  Europe — 
in  England,  Scotland,  France,  and  Germany,  for  the  dis- 
covery and  invention  of  the  Electric  Telegraph,  it  may  not 
be  amiss  to  state,  that  America  also  claims  to  be  an  indepen- 
dent discoverer  and  claimant  for  priority  in  the  invention. 
The  dates,  the  names  of  the  inventors,  and  other  circum- 
stances will  doubtless  ere  long  be  published,  and  then  the 
world  can  judge  between  the  conflicting  parties.  In  the  mean 
time  it  is  well  ascertained,  that  Professor  Morse  conceived 
and  planned,  five  years  ago,  an  electric  telegraph,  while  on 
his  passage  home  from  France,  and  immediately  on  his 
landing,  he  commenced  the  machinery.  Early  last  spring, 
in  April,  the  general  features  of  his  plan  were  very  ex- 
tensively published  in  the  newspapers,  and  very  lately,  in 
August,  we  learn  that  several  telegraphs  on  the  basis  of  elec- 
tricity are  in  various  stages  of  progress  in  Europe. 

The  distinguishing  features  of  Professor  Morse's  telegraph 
are  a  register,  which  permanently  records  in  characters  easily 
legible  the  fullest  communication,  and  the  use  of  but  one  tvire 
as  a  conductor ;  although  for  greater  convenience  of  com- 
municating at  all  times,  and  of  having  a  whole  circuit  at 
command  from  each  extremity  of  the  line,  he  will  use  four 
wires. 

On  September  2d,  Professor  Morse  tried  an  experiment 
with  a  circuit  of  copper  wire  one  thousand  seven  hundred  feet 
in  length,  and  of  the  minimum  size  of  No.  18  wire.  The 
record  of  the  register  was  sufficiently  perfect  to  demonstrate 
the  practicability  of  the  plan.  On  the  4th  of  September  some 
slight  changes  were  made  in  the  machinery,  when  the  register 

*  Annals  of  Electricity,  vol.  I.  p.  S27. 

+  Silliman's  American  Journal  for  October,  1837. 
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recorded  perfectly  the  signs  exhibited  in  figs.  23  and  24, 
Plate  IV. 

The  words  in  the  figures  were  the  intelligence  transmitted. 

The  numbers,  (in  this  instance  arbitrary,)  are  the  numbers 
of  the  words  in  the  telegraphic  dictionary. 

The  points  are  the  markings  of  the  register,  each  point 
being  marked  every  time  the  electric  fluid  passes. 

The  register  marks  but  one  kind  of  mark,  to  wit,  (V.) 
This  can  be  varied  two  ways.  By  intervals  thus  (V  VV  VVV) 
signifying  one,  two,  three,  &c.,  and  by  reversing  thus  (A); 
examples  of  both  these  varieties  are  seen  in  fig.  24. 

The  single  numbers  are  separated  by  short,  and  the  whole 
numbers  by  long  intervals. 

To  illustrate  by  the  diagram,  the  word,  '^successful"  is  first 
found  in  the  dictionary,  and  its  telegraphic  number  214  is  set 
up  in  a  species  of  type  prepared  for  that  purpose,  and  so  of 
the  other  words.  The  types  then  operate  upon  the  ma- 
chinery and  serve  to  regulate  the  times  and  intervals  of  the 
passages  of  electricity.  Each  passage  of  the  fluid  causes  a 
pencil  at  the  extremity  of  the  wire  to  mark  the  points  as  in 
the  figures. 

To  read  the  marks ;  count  the  points  at  the  bottom  of  each 
line.  It  will  be  perceived  that  two  points  come  first,  sepa- 
rated by  a  short  interval  from  the  next  point.  Set  2  beneath 
it.  Then  comes  one  point  likewise  separated  by  a  short 
interval.  Set  1  beneath  it.  Then  come  four  points.  Set  4 
beneath  it.  But  the  interval  in  this  case  is  a  long  interval, 
consequently  the  three  numbers  comprise  the  whole  number 
214. 

So  proceed  with  the  rest  until  the  numbers  are  all  set  down. 
Then  by  referring  to  the  telegraphic  dictionary,  the  words 
corresponding  to  the  numbers  are  found,  and  the  communi- 
cation read.  Thus  it  will  be  seen  that  by  means  of  the  changes 
upon  ten  characters,  all  words  can  be  transmitted.  But  there 
are  two  points  reversed  in  the  lower  line.  These  are  the 
eleventh  character,  placed  before  a  number  to  signify  that  it 
is  to  be  read  as  a  number,  and  not  as  the  representative  of  a 
word. 

Since  the  4th  of  September,  one  thousand  feet  more  of 
wire  No.  23  have  been  added,  making  in  all  two  thousand 
seven  hundred  feet — more  than  half  a  mile  of  a  reduced  size 
of  wire  :  the  register  still  recorded  accurately. 

Arrangements  have  been  made  for  establishing  a  circuit  of 
several  miles,  and  for  constructing  new  and  accurate  ma- 
chinery. Professor.  Gale,  of  the  New  York  City  University, 
is  engaged  with  Professor  Morse  in  making  some  interesting 
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experiments  connected  with  this  invention,  and  to  test  the 
effect  of  length  of  wire  on  the  magnetizing  influence  of  voltaic 
electricity. 


XIX.  On  Zine,  as  a  covering  for  buildings :  in  a  letter 
from  Professor  A.  Caswell,  to  Messrs.  Crocker,  Brothers, 
and  Co.* 

You  some  time  ago  requested  me  to  examine  an  article  on 
line,  as  a  roofing  material,  published  by  Dr  Gale,  of  New 
York,  in  a  late  number  of  the  Mechanics'  Magazine.  I  regret 
that  it  has  npt  been  in  my  power  to  give  your  request  earlier 
attention. 

The  remarks  of  Dr.  G.  which  were  copied  by  several  papers 
at  the  time,  were  fitted,  in  your  opinion,  to  prejudice  the  pub- 
lic mind  unjustly  upon  a  subject  of  great  importance.  He 
discourages  the  use  of  zinc  as  a  roofing  material,  upon  several 
distinct  accounts,  the  principal  of  which  are  the  following : 

1 .  The  difiiculty  of  making  the  roof  tight. 

2.  The  deterioration  of  the  water  which  falls  from  it. 

3.  The  comparatively  small  resistance  which  it  offers  to 
the  progress  of  fire. 

1.  As  to  the  first  of  these  objections,  the  brittleness  of  the 
metal  and  its  great  expansion  &om  heat  are  adduced,  to  show 
that  a  roof  cannot  be  made  sufficiently  tight.  Zinc  in  the 
unwrought  state  is  well  known  to  be  very  brittle,  and  there 
may  be  in  the  market  rolled  or  sheet  zinc  of  a  bad  quality. 
But  no  one  need  be  deceived  on  this  point,  since  notning  is 
easier  than  to  test  its  flexibility.  Sheet  zinc  which  will  bear 
to  be  doubled  and  hammered  down  without  any  appearance  of 
fracture  in  the  bend,  may  be  used  as  a  covering  for  buildings, 
without  the  least  fear  of  leakage.  Such  is  the  fact  with  re- 
gard to  sheet  zinc  whichl  have  examinedfrom  your  manufactory: 
and  such,  I  am  assured,  is  the  fact  with  regard  to  foreign 
zinc  from  the  best  manufactories.  But  any  detailed  examina- 
tion of  the  brittleness  and  expansion  of  zinc,  so  far  as  the 
question  is  concerned,  is  entirely  obviated  by  the  well  ascer- 
tained fact,  that  there  is  no  practical  difiiculty  in  making  a 
zinc  roof  perfectly  tight.  '  The  numerous  certificates  which 
you  have  submitted  to  my  examination,  from  most  respecta- 
ble gentlemen,  who  have  made  the  experiment,  place  the 
subject  beyond  all  reasonable  doubt..  A  zinc  roof  may  be  as 
easily  made  tight  as  any  other  Whatever. 

♦  From  SilliihiLn'i  American  Philoiophical  Journal. 
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2.  The  second  objection  respects  the  deterioration  of  the 
water  which  falls  from  the  roof.  This  consideration  is  parti- 
cularly important  to  all  those  who  are  in  the  habit  of  using 
cistern  water  for  culinary  and  other  purposes. 

It  is  alleged  that  a  jt>oz«07202^  sub-oxide  of  zinc  is  dissolved 
in  the  water,  which  renders  it  unfit  for  cookings  and  impairs 
its  properties  for  washing.  On  this  point  I  have  consulted 
the  ablest  modem  writers  on  chemistry — Brand,  Turner, 
Thomson,  Berzelius,  and  others.  The  oxides  of  zinc  seem  not 
to  have  been  much  studied.  The  principal  one  known,  and 
perhaps  the  only  one  certainly  known,  is  the  white  oxide, 
(sometimes  called  the  flowers  of  zinc,)  which  is  quite  insoluble 
in  water,  and  hence  could  not  vitiate  it  properties.  Berzelius 
thinks  there  are  two  others. 

The  sfib'Oxide  is  the  grey  coating  formed  on  the  surface  of 
zinc  by  exposure  to  the  weather,  and  this  is  the  substance 
which,  it  is  said,  is  dissolved  and  mixed  with  the  water,  which 
falls  from  a  zinc  roof,  thereby  impregnating  it  with  deleterious 
properties.  This  opinion,  so  far  as  I  can  learn,  is  unsupported 
by  any  writer  on  chemistry.  Turner  says,  "  zinc  undergoes 
little  change  by  the  action  of  air  and  moisture."  Aikin's 
chemical  (hctionary,  a  work  of  merit  and  authority,  says,  "  the 
action  of  air  upon  zinc,  at  the  common  temperature,  is  very 
slight;  it  acquires  a  very  thin  superficial  coating  of  grev  oxide, 
which  adheres  to  the  metal  ojidprevents  any  further  change.'* 
The  statement  of  Thomson  is,  that  zinc,  when  exposed  to  the 
air,  soon  loses  its  lustre,  but  ^*  scarcely  undergoes  any  other 
change.'^  The  account  given  by  Berzelius,  the  ablest  chemist 
of  the  age,  is  very  exphcit  and  much  to  the  point.  He  says, 
'^  this  oxide  is  formed  on  the  surface  of  zinc  which  remains  a 
long  time  exposed  to  the  air.  It  has  a  dark  grey  colour  when 
moistened,  but  by  drying,  becomes  of  alightgrey.  Ordinarily  it 
forms  a  thin  crust,  on  the  surface,  which  neither  increases  nor 
experiences  any  change  in  the  air:  but  acquires  great  hard- 
ness, and  resists,  better  than  the  metal  itself,  the  mech£mical 
and  chemical  action  of  other  bodies.  A  piece  of  zinc  suffici- 
ently sub-oxidized,  at  the  surface,  dissolves  with  extreme 
slowness  in  the  acids,  and  only  at  the  boiling  temperature." 

Such  axe  the  opinions  of  chemists,  and  particularly  of 
Berzelius,  whose  unrivalled  skill  and  accuracy  in  chemical 
analysis,  have  been  the  admiration  of  all  contemporary  chemists. 

The  opinion  of  Dr.  G.  is  considerably  at  variance  with  those 
now  adduced.  I  think  Yxe  has  not  stated  very  fully,  and  cer- 
tainly not  very  satisfectorily,  the  reasons  on  which  it  is  founded. 
He  mentions,  however,  as  aproof  that  this  sub-oxide  is  dissolved 
in  wat^  from  sine  roofs,  that  if  it  is  suffered  to  stand  for 
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some  time  exposed  to  the  air,  the  sub-oxide  gradually  talked 
oxygen  from  the  atmosphere,  and  is  thus  converted  into  the 
insoluble  white  oxide  before  mentioned,  and  is  then  precipitated 
in  the  form  of  a  white  powder.  To  test  its  purity  by  this  method, 
I  have  kept  water  from  a  zinc  roof  exposed  in  clean  glass  ves- 
sels for  several  days,  without  any,  the  slighest  appeai-ance  of 
a  precipitate,  or  even  a  pellicle  upon  the  surface.  And  what 
is  still  better  as  a  test,  I  have  kept  it  for  several  days  in  closed 
bottles  with  oxygen  gas,  and  subjected  it  to  frequent  agitation, 
without  the  least  appearance  of  a  precipitate,  or  any  diminution 
of  transparency.  I  must  think,  therefore,  that  if  such  water 
contains  the  sub -oxide  of  zinc,  its  presence  is  not  to  be  detected 
in  this  way. 

That  the  quantity  of  zinc  dissolved  in  water  mitst  be  exceed- 
ingly small,  is  obvious  from  the  following  consideration.  A 
sheet  not  more  than  the  fortieth  of  an  inch  in  thickness,  would 
probably  last  at  least  half  a  century,  on  the  roof  of  a  building. 
Indeed,  for  any  thing  that  we  know  as  to  the  rate  of  its  oxida- 
tion, it  might  last  for  centuries.  The  current  opinion  of 
chemists,  and  this  confirmed  by  observation  and  experiment, 
so  far  as  these  have  extended,  is,  that  after  the  grey  oxide  is 
once  formed,  any  further  change  takes  place  scarcely  at  all^ 
or  with  extreme  slowness.  But  on  the  supposition  that  it 
would  last  only  fifty  years,  the  whole  quantity  of  rain  which 
falls  in  the  course  of  a  year,  or  about  three  feet  on  the  level, 
would  dissolve  the  two  thousandth  part  of  an  inch  in  thickness 
of  zinc.  This,  to  produce  any  appreciable  effect,  must  be  one 
of  the  most  virulent  poisons,  at  least  equal  to  prussic  acid. 
But  so  far  from  being  an  active  poison,  it  remains  to  be  shown 
that  it  is  poisonous  at  all,  even  if  a  minute  portion  of  it  did 
mingle  with  the  water.  The  white  oxide  of  zinc  is  not  poisonous, 
and  the  inference  seems  to  be  gratuitous  that  this  is  so. 

It  is  due  no  less  to  the  public  than  yourselves,  that  the  truth 
upon  this  subject  should  be  known  and  promulgated.  I  am 
quite  satisfied,  for  one,  that  we  are  not  in  the  least  danger  of 
being  poisoned  by  the  use  of  water  from  zinc  roofs.  The  por- 
tions of  this  water  which  I  have  examined,  could  not  be  distin- 
guished from  pure  river  water  by  any  test  that  I  have  been 
able  to  apply  to  it.  I  feel  myself  warranted,  therefore,  in  the 
conclusion,  thatzY  ha^  suffered  no  deterioration  whatever 
from  zinc. 

3.  A  third  objection  is  that  zinc  affords  inadequate  protec- 
tion against  fire. 

This  objection  is  l>ased  upon  the  fact  that  zinc  melts  at  a 
low  temperature ;  and  in  case  of  fusion  leaves  the  wood- work 
of  the  building  unprotected.  This  objection  is  rather  specious 
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than  real.  Zinc  melts  about  the  temperature  of  700  Fahr.  or 
a  little  below  red  heat.  Whenever,  therefore,  the  heat  from 
adjacent  buildings  is  anything  less  than  that  of  redness,  zinc 
would  afford  as  complete  protection  as  copper  or  iron.  When 
the  heat  has  reached  the  melting  point  of  zinc,  which  it  would 
seldom  do  except  in  the  *  most  compact  parts  of  cities,  very 
little  confidence  could  be  placed  in  iron  or  copper.  The  dry 
wood  work  of  the  roof,  under  a  covering  of  red  hot  iron,  with 
air  enough  for  combustion  circulating  through  openings  and 
crevices,  would  soon  be  in  flames :  and  when  once  in  flames  it 
would  be  extremely  difficult  to  extinguish  it  by  the  application 
of  water.  It  would  be  applied  with  great  disadvantage  to  the 
under  side  of  the  roof,  and  almost  to  no  purpose  at  all  upon  the 
top.  If  therefore  the  heat,  in  any  case,  should  become  so 
intense  as  to  melt  zinc,  the  probability  of  protection  from  iron 
or  copper  will  be  but  small. 

Complete  protection  against  fire,  is  perhaps,  unattainable ; 
at  least  we  can  never  be  sure  that  we  have  attained  it.  In 
the  progress  of  the  arts,  great  improvements,  no  doubt,  will  be 
made  in  the  mode  of  defence  against  the  attacks  of  this  great 
destroyer.  I  am  not  aware  that  the  following  construction  for  a 
roof  has  ever  been  tried.  For  cheapness,  tightness,  durability, 
and  resistance  to  fire,  it  seems  to  be  well  deserving  the  atten- 
tion of  builders.  Let  the  rough  boards  of  the  roof  (and  the 
rougher  the  better)  be  covered  with  a  thick  coating  of  common 
lime  mortar,  then  lay  down  the  ribSy  if  I  may  so  call  them, 
for  the  zinc  plates,  then  cover  the  whole  with  zinc,  according 
to  the  most  approved  method  of  applying  it.  Such  a  roof 
would  be  in  no  danger  of  leakage,  unless  the  water  accumulated 
upon  it  so  as  to  stand  above  the  ribs,  in  which  case  no  roof 
would  be  tight  unless  it  were  caulked  or  soldered  throughout. 
This  covering,  if  I  am  rightly  informed,  would  be  nearly  as 
cheap  as  slate,  quite  as  cheap  as  tin,  cheaper  than  iron,  and 
more  than  three  times  cheaper  than  copper :  and  would  at  the 
same  time  resist  fire  better  than  any  of  them.  A  heat  that 
would  melt  down  the  copper  and  iron,  would,  of  course,  melt 
the  zinc,  but  would  leave  the  mortar  uninjured.  The  pecu- 
Kar  advantage  of  the  mortar  is,  that  it  is  infusible  except  at 
a  very  high  temperature,  while  the  closeness  with  which  it  ad- 
heres to  the  wood-work,  is  such  as  to  exclude  the  air  and  thus 
prevent  combustion.  If  the  mortar  should  be  kept  at  a  red 
heat  for  some  length  of  time,  the  wood  beneath  it  would  be 
charred,  but  could  hardly  be  burnt.  In  case  of  fusion,  the 
zinc  might  be  replaced  without  injury  to  the  mortar.  I  know 
of  no  construction  for  a  roof  that  would  be  more  completely 
fire  proof  than  this. 
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Such  are  ray  views  on  the  subject  to  which  you  called  my 
attention.  If  they  shall  serve  in  any  measure^  to  remove  pre- 
judice^ and  allay  unfounded  apprehensions  on  a  subject  of 
great  and  growing  importance  to  the  public^  it  will  afford  me 

much  pleasure. 

• 

XX.    Description  of  an  electro-magnetic  engine,  by  Mr. 
J.  P.  Joule. 

Sir, 

I  am  now  making  an  electro-magnetic  engine ;  and  as  I 
imagine  that  I  have  succeeded  in  effecting  considerable  im- 
provement in  the  construction  of  the  magnets^  and  the  whole 
arrangement  of  the  instrument,  I  hope  you  will  allow  me  to 
lay  it  before  the  numerous  readers  of  your  valuable  Annals. 

In  fig.  19,  Plate  III.,e,^  represents  a  side  view,  and  i,  &, 
the  poles  of  the  magnets  wnich  I  propose.  I  think  it  best  to 
have,  in  ail  cases,  the  distance  a,  between  the  poles  about  the 
fifth  part  of  an  inch,  and  the  thickness  of  each  pole  or  arm  of 
the  magnet,  the  same;  or,  perhaps,  rather  less  (if  the  magnets 
are  required  to  be  of  greater  power,  the  breadth  cd,  cd,  or 
length  efy  should  be  increased).  Covered  wire  should  be 
wrapped  round  them^  until  the  interstice  between  the  arms  of 
the  magnets  is  completely  filled. 

The  advantages  obtained  by  using  magnets  of  this  descrip- 
tion may  be  seen  on  inspecting  fig.  20:  the  small  arrows  indi- 
cate the  direction  that  the  electricity  takes  in  passing  from 
PtoN. 

1.  The  wires  round  each  arm  are  kept  close  to  the  sub- 
stance of  the  iron,  on  account  of  its  small  thickness. 

2.  The  electricity  going  in  the  same  direction  between  the 
arms,  it  is  obvious  that  the  greater  part  of  each  arm  receives 
the  ma^etizing  effect  of  a  double  quantity  of  wire. 

3.  A  great  saving  of  room  is  effected,  and,  consequently, 
the  power  relative  to  the  weight  of  the  engine  is  increased. 

4.  That  objection  is  obviated  which  applies  to  those 
arrangements,  in  which  the  poles  are  at  all  distant  from  each 
other:  viz.  that  the  magnets  during  a  great  part  of  their 
rotation  are  almost  inactive. 

I  have  made  several  of  the  magnets  of  the  above  description. 
Their  lifting  power  is  very  good:  the  spark  on  breaking 
battery  contact  is  remarkably  brilliant,  and,  consequently, 
rather  disadvantageous. 

The  magnets  thus  constructed  are  then  arranged  into  two 
compact  circles,  one  of  which  jb  represented  in  fig.  21,  a,  e,f, 
attached  to  the  board  a,  b,  c,  the  wires  of  each  magnet  com- 
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municating  with  those  of  its  neighboUriS^  so  that  the  whole 
may  be  magnetized  at  once  by  means  of  the  wires^  A,  i.  The 
whole  of  the  moveable  circle  supposed  to  be  immediately  above 
fig.  21 9  and  seen  at  m  fig.  22^  is  magnetized  and  reversed^  by 
the  commutator  g,  g,  g.  It  consists  of  two  pieces  of  bright 
sheet  brass  (in  the  figure  the  black  and  white  cogged  circles 
are  meant  to  show  their  diflFerent  polarity,)  inlaid  in  the  wood^ 
and  communicating  with  the  opposite  poles  of  th^  battery  by 
the  wires  k,  I;  the  wires  n,  o,  proceeding  from  the  moveable 
system  represented  in  fig.  22,  (where  the  stationary  magnets 
are  omitted  to  avoid  confusion  to  the  axis  A,  B,)  communicate 
at  the  clamp  p,  which  secures  them  steadily  to  two  steel 
springs  which  press  gently  on  the  commutator,  and  allow  by 
their  flexibility  of  the  reversion  of  the  motion. 

c,  q,  r,  s,  is  iron  work  fastened  to  the  board  a,  byC;  to  the 
axle  A,  I^  wheels  or  paddles  may  be  affixed  so  as  to  answer 
either  locomotive  or  sailing  purposes.  It  will  be  readily  seen 
that  by  a  proper  adjustment  of  wires  to  the  cups,  h,  i,  A:,  /,  the 
electricity  may  go  at  once  through  both  the  fixed  and  move- 
able systems  of  magnets,  or,  that  a  distinct  current  may  traverse 
each. 

The  particular  machine  which  I  am  making  will  consist  of 
40  magnets,  each  two  inches  long,  and  3-eighths  of  an  inch 
broad,  the  rest  of  the  dimensions  as  stated  before;  the  whole 
size  of  the  machine  will  not  be  more  than  a  six  inch  cube* 
When  this  is  completed,  I  hope  to  give  you  a  particular  account 
of  its  duty. 

I  am,  yours  truly, 

J.  P.  JOULE. 
Sal/ord, 

January  8,  1838. 


XXI.     On  a  revolving  Electro-Magnetic  Instrument.  By 
Dr.  Benjamin  Rush  Mg.Connell.* 

In  a  letter  to  Professor  Silliman. 

Mauch,  Chunk,  Pennsylvania, 
June  25, 1837. 
Sir> 

Up  to  this  date,  I  had  entertained  the  hope  of  having 
ready  for  the  ensuing  number  of  the  "  Journal  of  Science/* 
a  digested  series  of  electro-magnetic  experiments,  the  results 

♦  Prom  Slliman's  Journal,  for  October,  1837, 
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of  some  enquiry  involving  something  of  novelty  at  least,  if  not 
of  much  interest.  The  pressure  of  professional  duty,  how- 
ever, as  colliery  surgeon,  and  the  physical  character  of  my 
district,  (which  you  are  personally  familiar  with)  have  hitherto 
prevented  me.  I  now  take  advantage  of  a  leisure  hour,  which 
after  all  may  be  too  late  for  your  next  number,  to  place  on 
record  the  subjoined  facts,  about  which  I  confess  I  feel 
anxious.  I  have — and  have  had  for  nearly  a  twelvemonth — 
in  operation,  an  electro-magnetic  engine,  of  a  construction 
and  upon  a  principle  essentially  different  from  anything 
hitherto  announced.  In  the  course  of  a  series  of  galvanic  ex- 
periments, which  for  several  years  past  have  assisted  to  be- 
guile the  intervals  of  professional  labour,  my  attention  was 
drawn  to  the  mutual  action  of  rectilineal  and  circular 
currents,  as  a  highly  promising  source  of  motive  agency  for 
practical  purposes.  After  innumerable  failures,  I  eventually 
succeeded  in  constructing  a  machine  which  may  be  fairly 
pronounced  perfect  upon  the  actual  scale  of  its  construction ; 
its  value  upon  a  working  scale  remains  to  be  proved.  The 
general  arrangement  of  my  machine  is  not  unlike  the  philoso- 
phical toy,  invented,  I  believe,  by  Mr.  Sturgeon,*  of  London,  as 
long  since  as  1828  or  1829,  of  two  copper  discs,  one  at  either 
end  of  a  common  shaft,  revolving  each  in  its  own  trough  of 
mercury,  between  the  poles  of  two  horse-shoe  magnets.  Such 
is  my  machine  in  general,  with  the  addition  of  a  band  or  cog- 
wheel on  the  centre  of  the  same  shaft,  intermediate  between 
the  discs,  which  revolve  between  the  poles  of  electro-magnets, 
without  the  intervention  of  a  fluid  medium  of  any  kind  as  a 
part  of  the  circuit ;  the  mode  of  accomplishing  this  con- 
stitutes the  peculiarity  of  its  claim,  and  you,  sir,  are  com- 
petent to  appreciate  its  novelty  and  value.  My  electro- 
magnets are  nollow  (another  new  feature),  and  have  been 
made  with  nearly  equivalent  results  of  bar  iron,  of  tinned 
iron,  and  of  copper. 

The  magnets  I  now  have  in  use  are  one  inch  in  diameter, 
one  inch  and  three  quarters  between  the  poles,  and  five  inches 
and  a  half  in  length,  each  wrapped  with  one  hundred  and 
fifty  feet  of  iron  (bonnet)  wire.  My  battery  is  rectangular, 
and  consists  of  two  concentric  boxes  of  sheet  copper,  with  a 
zinc  box  included,  the  whole  constituting  a  square  box  open 
in  the  middle.  The  exterior  box  is  seven  inches  square,  the 
zinc  seven  deep  by  six  and  a  half  in  each  of  its  other  dimen- 
sions, the  interior  box  of  copper  seven  by  six :  the  whole  will 

*  Mr.  Barlow  made  the  first  experiment  with  wheels  which 
were  cut  into  a  star-like  £>rm.    Et>iT. 
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contain  something  more  than  a  quart  of  the  acid  menstruum, 
and  presents    about  two-fifths   of  galvanic  surface  in  the 
aggregate.  The  driving  or  wheel-band  is  sixteen  inches  in  dia- 
meter (the  discs  being  nine  inches  each),  the  shaft  of  iron  three- 
eighths  of  an  inch  thick  and  five  inches  long,  working  in  brass 
bearings.     The  battery  is  charged  through  a  cock  in  the  plat- 
form, (which  is  ofcherry,  one  inch  thick  by  twelve  square,  and 
is  attached  to  the  battery  by  seven  bolts,)  and  discharged  when 
necessary,  to  cleanse  or  replenish,  by  a  cock  near  the  bottom. 
The  whole  swung  in  gimbals  between  two  turned  posts,  com- 
municates motion  from  the  band  through  the  platform  and 
centre  of  the  battery  to  the  propelling  wheel,  on  the  axle  of  a 
small  carriage.     The  driving  wheel  revolves  when  not  loaded, 
(sixteen  inches  in  diameter)  about  two  hundred  times  in  a 
minute,  traversing  upwards  of  eight  hundred  feet!  and  will 
revolve  seventy  times  per  minute,  carrying  a  load  of  forty 
pounds,  through  a  space  of  two  hundred  and  eighty  feet,  in 
that  time,  being  a  performance  nearly  equal  to  the  power  of 
three  men.     The  entire  machine  occupies  a  space  of  two  feet 
in  height  by  a  foot  in  breadth,  and  weighs,  when  charged  for 
service,  seventeen  pounds.     Touching  a  small  lever  reverses 
the  action   of  the  engine  instantaneously;   raising  another 
arrests  its  action,  or,  technically,  throws  it  out  of  gear.   Thus, 
sir,  as  you  will  perceive,  my  engine  difiers  totally  from  the 
ingenious  arrangement  of  Messrs.  Davenport  and  Cook,  of 
whose  galvanic  machine  your  April  number  contained  a  notice. 
Justice   to  myself,  without  intending  to  depreciate  in  any 
degree  the  labours  of  others,  requires  from  me  the  statement 
that  my  engine,  ew  it  stands,  substantially,  was  in  existence 
nearly  two  years  since,  the  greater  part  having  been  made  to 
my  order  by  the  mechanics  of  this  village,  in  the  summer  of 
1835;  an  improved  portion  of  the  moving  parts  (of  finished 
workmanship)  was  made  in  Philadelphia,  as  long  since  as 
January  of  the  present  year,  by  Mr.  J.  Mason,  Philosophical 
Instrument  Maker,  of  Green-leaf  Court.     I  may  also  state, 
that  Professor  Hare,  Mr.  Isaiah  Lukins,  Mr.  S.  V.  Merrick, 
Mr.  E.  Hazard,  and  other  scientific  and  personal  friends 
whom  I  met  in  society  on  occasion  of  a  visit  to  that  city  at 
the  period  above  referred  to,  were  cognizant  of  my  experiments 
and  objects  many  months  previous  to  the  public  announcement 
of  results  of  a  similar  kind  from  any  other  experimenter. 
The  fieldof  investigation  is  large,  and  as  yet  not  much  explored, 
and  Mr.  Davenport  may  rest  assured,  that  should  this  notice 
chance  to  meet  his  eye,  that  no  one  will  rejoice  more  sincerely 
than  I  shall  to  hear  of  his  onward  progress,  while  I  mysefr 
hope  also  to  advance  in  the  march  of  improvement. 
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Remarks  on  the  preceding  paper. 

We  have  heard  of  a  great  variety  of  engines,  each  of  which 
has  some  peculiarity  that  claims  attention :  and  the  one  just 
now  noticed,  (not  described)  is  certainly  very  diflerent  to  any 
we  have  ever  before  seen  announced.  We  however  know  of 
a  trial  made  some  years  since,  to  obtain  power  for  an  engine 
by  a  similar  application  of  electro-magnetism,  by  a  fellow- 
labourer  on  this  side  of  the  Atlantic;  and  the  result  answered 
our  predictions:  it  was  a  complete  failure.  We  are  well  aware 
of  the  extent  of  power  that  is  likely  ever  to  be  gained  by  the 
revolving  wheels  between  the  poles  of  magnets,  and  could 
never  have  expected  to  have  heard  of  an  engine,  founded  on 
that  principle,  which  possessed  the  extn^ordinary  advantages 
which  Dr.  Mc.Connell  has  applied  to  his.  We  think  it  is 
much  to  be  lamented  that  Dr.  Mc.Connell  did  not  send  the 
figure  of  his  engine  to  Professor  Silliman  as  was  requested. 
Correct  drawings  of  instruments  frequently  convey  more 
intelligence  than  the  most  elaborate  description  in  any  other 
shape.  We  should  have  had  much  pleasure  in  copyii^  it  for 
the  benefit  of  our  home  readers. 

We  think  ourselves  particularly  fortunate  inhavingannounced 
our  hollow  iron  magnets  before  Dr.  Mc.Connell's  was  heard 
of  in  this  country.  When  that  gentleman  reads  No.  6  of  these 
*^  Annals,"  which  w€is  published  on  the  same  day  as  the  Jour- 
nal in  which  his  paper  appears,  he  will  find,  that  hoHow  mag- 
nets of  iron  were  used  in  1830.  But  we  must  confess  that  we 
are  very  far  behind  him  in  the  production  of  copper  magnets. 
Edit, 


XXII.     On  the  Conduction  of  Water.     By  PROFESsor  C. 
Dewey.* 

In  vol.  XXVIII.  page  151,  of  this  Journal  (Silliman*s 
Journal)  are  some  details  on  this  subject.  In  that  paper,  the 
inadequacy  of  Dr.  Murray's  experiments  on  this  subject  was 
shown.  It  is  certain  that  when  the  vessel  containing  the 
water  and  thermometer  is  formed  of  ice,  the  power  of  water 
to  conduct  caloric  downwards  cannot  be  shown,  as  the  heated 
water,  when  its  temperature  is  below  40*  Fahr.  will  become 
heavier,  and  thence  sink  to  the  bulb,  and  cause  the  tempera- 
ture to  be  higher.  If  the  vessel  is  not  made  of  ice,  and  the 
water  on  the  thermometer  is  cooled  to  near  32*  Fahr.  it  will  be 

*  From  Silliman's  American  Philosophical  JoumaL 
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equally  impossible  to  show  its  conduction  of  caloric  from  par- 
ticle to  particle,  for  the  very  same  reason  as  before,  unless  the 
caloric  is  applied  at  the  bottom.  The  experiments  detailed 
in  that  paper  were  conclusive  on  the  conduction  of  water  when 
its  temperature  was  above  40*  Fahr.  unless  the  caloric  was 
chiefly  conveyed  to  the  water  along  the  sides  and  bottom  of 
the  vessel  used.  In  some  late  experiments  on  this  subject, 
this  difficulty  has  been  removed,  and  the  possibility  prevented 
by  the  following  contrivance.  A  thermometer  was  immersed 
in  water  at  62*  Fahr.,  so  as  to  be  3-eighths  of  an  inch  deep  on 
the  bulb,  in  a  large  earthen  dish.  A  hollow  glass  cylinder, 
four  inches  in  diameter  and  two  inches  high,  was  then  placed 
in  the  water  so  as  to  have  the  bulb  of  the  thermometer  in  the 
middle  of  the  cylinder.  The  cylinder  was  prevented  from 
touching  the  bottom  of  the  dish  by  three  small  pieces  of  wood 
placed  under  it.  The  ether,  which  was  to  be  inflamed  over 
the  bulb,  was  thus  confined  within  the  hollow  glass  cylinder, 
so  that  the  generated  caloric  could  not  come  to  the  sides  of 
the  earthen  dish.  When  heated  oil  was  poured  over  the  bulb, 
it  was  confined  in  the  same  way.  The  influence  of  a  heated 
iron  was  confined  in  the  same  manner.  Yet  when  all  these 
were  repeatedly  tried,  the  temperature  rose  about  six  degrees, 
except  that  the  iron  did  not  heat  it  so  much.  These  experi- 
ments satisfactorily  prove  that  caloric  passed  downwards.  If 
it  was  not  radiation^  it  must  prove  the  conduction  of  water. 
The  form  of  the  experiment  prevents  the  heating  of  the  bulb 
by  means  of  the  dish.  It  was  clear  that  the  rise  of  the  ther- 
mometer soon  ceased,  as  it  ought  to  do  if  it  were  conduction; 
for  the  heated  particles,  being  made  lighter,  would  be  pressed 
upwards  by  the  cool  and  heavier  particles  around  them  as 
soon  as  the  conduction  was  much  diminished  by  the  cooling 
above.  Hence  after  a  few  moments  the  thermometer  would 
begin  to  fall,  although  the  surface  of  the  water  was  several 
degrees  above  that  part  of  the  water  in  contact  with  the  bulb. 
When  an  air  thermometer,  with  its  stem  passing  down  through 
the  neck  of  a  funnel  of  glass,  and  made  tight  in  the  neck  by  a 
cork,  is  immersed  to  the  depth  of  an  inch  in  water  over  its 
bulb,  and  then  the  hollow  cylinder  of  glass  is  made  to  surround 
the  bulb,  as  in  the  other  case,  and  kept  from  touching  the 
funnel,  and  ether  is  inflamed  within  the  cylinder,  the  experi- 
ment is  clearly  visible,  beautiftd,  and  decisive.  It  is  not  obvious 
how  any  experiment  can  be  more  satisfactory  than  this :  any 
experiment  of  its  character — for  we  must  always  except  the 
common  one  of  mixing  heated  and  cold  water,  when  the  calo- 
ric must  pass  from  particle  to  particle^  as  the  temperature 
0f  the  hotter  is  instantly  diminished,  and  of  the  colder  is 
instantly  increased. 
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XXIII.  ^n  account  of  a  Hurricane,  which  visited  Shelby- 
ville,  Tennessee,  June  \st,  1830;  communicated  to  the 
Connecticut  Academy,     By  Dr.  J.  H.  Kain. 

Few  occurrences  give  us  such  awful  conceptions  of  the 
power  of  the  unrestrained  elements,  as  the  agitations  of  our 
atmosphere.  Accounts  of  storms  at  sea  are  common,  and  to 
those  who  make  the  great  waters  their  home,  they  are  every 
day  occurrences.  But,  happily  for  the  human  family,  such 
hurricanes  as  that  which  visited  Shelbyville  in  1830,  are  rare. 
The  ocean  is  easily  agitated  and  thrown  into  violent  commo- 
tion ;  but  it  requires  a  much  more  powerful  wind  to  disturb 
the  repose  of  those  solid  bodies  which  the  earth's  gravity  has 
bound  to  her  bosom.  The  effects  of  a  storm  at  sea  are  much 
less  dreadful  and  terrific  than  the  devastations  of  a  land  hur- 
ricane. A  fine  ship  may  safely  weather  the  most  violent  gale 
at  sea ;  but  probably  no  building  or  work  of  man  could  en- 
counter, without  instant  destruction,  the  fiiry  of  the  hurricane 
when  it  meets  with  the  unyielding  resistance  of  the  solid  land. 
Not  only  are  many  buildings  torn  to  pieces  and  scattered  about 
in  astonishing  confusion ;  but  the  largest  trees  are  twisted  off 
at  the  trunk  and  hurled  aloft  like  pieces  of  paper  in  an  ordi- 
nary breeze. 

Some  countries  appear  to  be  more  subject  to  tornadoes  than 
others.  This  is  a  well  known  feature  of  the  climate  of  the 
West  India  Islands.  Numerous  vestiges  of  hurricanes  are 
seen  in  Tennessee.  In  some  places  you  may  trace  for  thirty 
miles  the  track  of  a  tornado,  which  has  prostrated  the  forest 
in  its  course,  and  piled  up  its  ruins  in  large  masses ;  sometimes 
they  appear  quite  recent,  and  nature  has  not  repaired  the 
waste;  the  splintered  stumps  still  standing,  the  bark  still 
covers  the  prostrate  trunk,  the  branches  and  tops  of  trees  are 
still  intertwined,  and  perhaps  even  the  brown  and  decaying 
verdure  of  the  leaves  presents  the  appearance  of  a  premature 
autumn;  the  roads  are  stopped  up  and  impassable;  fences  and 
farm  houses  have  disappeared;  the  corn,  wheat,  and  cotton 
lie  flat  upon  the  ground,  as  if  a  roller  had  passed  over  thetn; 
in  some  places  large  piles  of  drift  are  seen  heaped  against  a 
hill  or  rock,  and  the  mud  has  settled  upon  and  buried  the  ve- 
getable productions  of  the  earth.  At  other  times  you  see 
merely  the  vestiges  of  an  old  hurricane.  A  new  growth  has 
sprung  up  in  the  woods,  and  you  may  remark  the  uniform  size 
of  the  young  trees,  all  dating  their  age  from  the  same  epoch. 
The  bark  has  decayed  away,  and  the  large  trunks  of  the  fallen 
trees  are  covered  with  moss;  their  limbs  and  tops  have  rotted 
and  disappeared,  and  the  roots  are  still  distinguished  by  the 
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mass  of  earth  which  was  torn  up  with  them,  and  is  now 
setthng  down,  and  still  by  the  uniformity  of  their  position 
mark  the  exact  course  of  the  hurricane,  the  root  always  being 
towards  the  point  of  the  compass  from  which  the  wind  blew. 
In  other  places  we  may  find  the  vestiges  of  still  more  ancient 
date.  The  process  of  decay  has  been  completed:  even  the 
trunks  of  the  fallen  forest  have  disappeared,  a  tall,  rich,  and 
luxuriant  growth  has  again  overspread  the  earth,  and  we  can 
only  read  the  history  of  former  devastations  in  the  numerous 
hillocks  of  yellow,  upturned  earth,  left  by  the  roots  of  trees, 
which,  after  being  blown  down,  have  entirely  disappeared 
and  mingled  with  the  rich,  black  soil  in  which  they  had  grown. 
The  tracks  of  these  hurricanes  are  not  often  more  than  one 
hundred  rods  wide,  and  vary  from  a  mile  to  twenty  or  thirty 
in  length.  You  can  never  tell  from  the  direction  in  which  the 
trees  have  fiiUen,  the  general  course  of  the  hurricane.  This 
is  usually  from  southwest  to  northeast,  but  though  the  trees  at 
any  particular  spot  lie  parallel  to  each  other,  their  direction 
varies  very  much  at  different  places  of  the  same  track.  At 
one  place  they  have  fallen  with  their  tops  to  the  north,  at  an- 
other they  have  fallen  towards  the  south,  and  at  another  to 
the  east  or  west.  This  fact  strengthens  the  theory  of  Mr. 
Redfield,  which  ascribes  to  winds,  storms,  and  tempests  a 
gyral  form. 

It  will  be  remembered  by  those  who  have  read  Mr.  Redfield's 
very  ingenious  essays,  that  he  suggests  the  theory  that  the 
storms  which  visit  our  coast  rise  on  the  gulph  of  Mexico,  and 
assuming  a  gyral  motion,  sweep  over  the  United  States  from 
the  southwest  to  the  northeast.  It  is  known  to  all  who 
have  resided  in  the  great  Valley  of  the  Mississif^e  that  there 
is  a  constant  current  of  air  setting  in  from  the  Gulph  and 
blowing  up  our  water  courses.  This  is  occasionally  inter- 
rupted for  a  few  days  by  a  wind  in  a  contrary  direction,  ac- 
companied usually  by  rain.  Probably  this  is  only  an  apparent 
variation  produced  by  the  gyral  motion  of  the  wind  operating 
on  a  very  large  and  extended  scale.  The  smaller  gyrations 
which  produce  our  thunder  gusts  and  tornadoes  come  very 
sensibly  from  the  southwest.  It  will  be  seen  from  an  inspec- 
tion of  the  map  of  North  America,  that  the  mountains  of 
Tennessee  present  the  first  obstruction  which  this  great  south- 
western current  of  air  meets  with  in  its  progress  across  our 
continent.  That  country  is  in  a  position  which»  while  it 
catches  and  is  refreshed  by  the  softest  zephyrs  and  the  most 
refreshing  showers  of  this  great  atmospheric  current,  likewise 
exposes  it  to  the  first  rude  blasts  of  its  angry  tempests.  More 
than  any  other  portion  of  the  United  States  it  bears  on  its 
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1)OSom  the  scars  of  many  an  awful  contest  with  this  tremen- 
dous power,  and  its  uprooted  forests  tell  us  too  plainly  the 
overwhelming  force  of  the  unconquered  enemy. 

The  writer  had  an  opportunity  of  witnessing  one  of  those 
awfully  grand  and  terrific  convulsions  of  the  atmosphere, 
which  nearly  destroyed  the  town  of  Shelhy ville,  in  the  month 
of  June,  1830.  For  some  days  previous  to  the  catastrophe 
the  air  had  been  unusually  calm,  sultry,  and  oppressive.  It 
was  a  very  fortunate  circumstance  for  the  inhabitants  of  the 
village  that  they  were  reposing  quietly  in  their  beds  when  the 
tornado  swept  over  them.  Had  it  occurred  in  the  day  time, 
when  the  people  were  moving  about,  and  when  the  doors  and 
windows  were  all  open,  the  loss  of  life  must  have  been  much 
greater.  It  may  be  well  to  remark  here,  that  it  was  found 
from  the  experience  of  that  night,  that  the  complete  closing 
of  doors  and  windows,  so  as  to  exclude  the  external  atmos- 
phere, was  of  the  utmost  importance.  Not  a  house  stood, 
whose  doors  and  windows  were  left  open,  or  were  too  weak  to 
resist  the  impulse  of  the  wind.  On  the  night  of  the  storm 
at  Shelbyville,  a  strong  western  gale  blew  throughout  the  State 
of  Tennessee,  and  several  distinct  gyrations  were  formed  in 
different  portions  of  the  current.  The  town  of  Charlotte, 
sixty  miles  northwest  from  Sherbyville,  was  blown  down  two 
hours  before  the  destruction  of  the  latter.  Another  gyration 
took  place  twenty  miles  northeast  of  Shelbyville,  which  de- 
stroyed a  farm,  and  was  equally  violent  with  that  at  Shelby- 
ville. The  clouds  began  to  cluster  in  the  west,  and  the  wind 
to  blow,  at  an  early  hour  of  the  night,  but  the  storm  did  not 
reach  its  utmost  filiry  till  midnight.  The  lightning  was  un- 
usually brilliant,  the  flashes  were  so  continuous  as  to  enable 
us  to  see  objects  with  perfect  distinctness,  and  even  to  read 
without  the  light  of  a  candle.  This  unusual  brilliancy  of  the 
lightning  was  remarked  in  many  distant  parts  of  the  State, 
The  lightning  was  not  accompanied  with  very  loud  thunder,  nor 
did  it  appear  to  have  struck  or  injured  any  object  in  the  neigh- 
bourhood of  the  village. 

The  town  of  Shelbyville  is  situated  on  a  hill  which  fills  ui), 
so  to  speak,  a  long  gorge  between  two  chains  of  highlands, 
which  lie  on  each  side  of  Duck  River ;  this  hill  is  at  the  east- 
em  extremity  of  the  valley.  This  circumstance  contributes 
very  much  to  the  pleasantness  of  the  site  for  a  town,  com- 
manding a  fine  view,  and  catching  every  breeze  of  summer ; 
but  it  likewise  exposes  it  to  the  fiiry  of  every  gale  that  sweeps 
up  the  river.  The  court-house  occupies  the  brow  of  the  hill. 
Around. the  court-house  is  a  small  square  or  common,  and  on 
the  four  sides  of  this  square  are  built  the  principal  stores  aad 
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shops^  the  bank^  and  the  taverns.  It  was  on  this  part  of  the 
town  that  the  hurricane  exerted  its  greatest  violence.  Few 
families  resided  in  this  portion  of  the  village ;  and  it  was  mer- 
cifully ordered  that  the  catastrophe  should  occur  at  an  hour 
when  the  inhabitants  had  retired  from  the  business  part  of  the 
town.  The  wind  had  blown  with  great  fury  and  violence 
without  doing  any  injury  for  three  hours^  when  suddenly  the 
houses  began  to  cracky  and  in  fifteen  seconds  the  besom  of 
destruction  swept  over  the  devoted  village,  and  left  it  a  mass 
of  ruins.  Those  who  were  within  the  range  of  the  tempest 
were  warned  of  their  danger  by  the  shaking  of  their  houses 
the  moment  before  they  fell.  A  change  of  position  saved  the 
lives  of  some,  and  caused  the  death  of  others.  Some  found 
themselves  suddenly  in  the  open  air,  surrounded  by  falling 
timbers,  planks,  and  bricks;  others  were  buried  in  the  ruins 
of  their  houses.  Some  met  death  whilst  endeavouring  to  es- 
cape; others  perished  in  their  beds,  crushed  beneath  their 
falling  dwellings.  Only  five  persons  were  killed.  A  few  were 
dreadfiilly  bruised,  who  recovered  from  their  wounds.  The 
interpositions  of  a  merciful  Providence  for  the  preservation  of 
life  in  the  midst  of  such  danger,  were  numerous  and  astonish- 
ing to  all  who  knew  the  facts,  and  so  much  out  of  the  way  of 
common  events,  that  they  would  scarcely  be  believed  on  the 
testimony  of  a  single  individual.  Whole  families  were  rescued 
from  the  ruins  of  their  houses,  without  any  material  bodily 
injury.  Individuals  were  blown  about  in  the  air  like  feathers 
and  escaped  without  a  scratch.  A  young  lady  of  uncommon 
com  age  and  presence  of  mind,  who  was  out  of  doors,  and  had 
escaped  from  a  falling  house,  described  the  scene  as  awfully 
grand  and  magnificent.  "  I  looked,"  said  she,  "  for  well 
known  places,  and  they  had  vanished.  I  turned  to  go  into  the 
house  and  it  was  gone.  I  went  for  the  kitchen,  it  likewise 
was  not  to  be  found :  I  looked  up  and  beheld  the  lightning 
flashing  vividly  upon  floating  planks,  plaister,  bricks,  and 
shingles,  all  glistening  like  white  pieces  of  paper,  and  filling 
the  air;  arouMi  me  I  beheld  the  white  walls  of  uncovered 
houses  glaring  in  the  light  of  the  storm." 

The  court-house,  a  &ie  brick  building,  was  blown  down  to 
the  ground.  The  bwik,  several  taverns,  a  church,  and  many 
stores,  shops,  and  dwelling  houses  were  laid  in  ruins.  Some 
houses  were  merely  unroofed:  others  were  blown  away  to 
the  first  story,  and  others  were  laid  prostrate  with  the 
ground.  The  gyral  form  of  the  tempest  was  evinced  by  the 
manner  in  which  the  materials  of  the  same  building  were  scat- 
tered about  in  diflferent  directions,  and  by  the  testimony  of 
an  individual  who  declared  that  he  was  carried  around  in  a 
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circle  of  fifty  yards  diameter  with  a  piece  of  timber  to  which 
he  held  fast,  and  by  which  he  was  dreadfully  bruised.  H  e 
was  picked  up  two  hundred  yards  from  his  bed  fellow,  and  in 
a  contrary  direction  from  the  house  in  which  they  slept.  The 
general  direction  of  the  wind  was  from  west  to  east.  The  gale 
was  succeeded  by  rain  in  quantities  almost  amounting  in  de- 
vastating power  to  an  avalanche.  No  hail  fell  during  or  sub- 
sequently to  the  storm.  The  following  facts  will  show  the 
velocity  and  force  of  the  wind.  Laths  were  shot  into  brick 
walls  with  such  force  as  to  penetrate  between  the  bricks,  and 
then  turn  up  and  break  off,  and  laths  were  seen  to  have  pene- 
trated through  the  boards  of  houses.  Heavy  pieces  of  timber 
were  carried  to  great  heights,  and  falling  penetrated  the  roofs 
of  houses.  Pieces  of  plank  and  shingles  were  carried  along 
the  path  of  the  storm,  and  strewed  on  the  ground  for  three 
miles  from  the  town.  A  book  belonging  to  an  attorney,  whose 
office  was  blown  away,  was  found  seven  miles  from  the  village. 
Doors  were  blown  from  their  hinges,  locks  and  bolts  were 
forced,  and  if  a  wall  proved  strong  enough  to  resist  the  vio- 
lence of  the  wind,  large  masses  of  ruins  were  found  piled  up 
against  it. 

A  remarkable  phenomenon,  which  was  confirmed  by  the 
observation  and  testimony  of  many  witnesses,  was,  that 
sound  was  not  conveyed  by  the  atmosphere  to  any  distance, 
owing  perhaps  to  its  velocity.  Not  one  individual  without  the 
range  of  the  hurricane,  heard  the  fall  of  the  houses.  The 
overturning  of  such  a  number  of  houses,  in  a  calm  time,  would 
have  produced  a  very  loud  sound.  Still  louder  would  be  the 
sound  of  so  many  substances  torn  asunder,  crushed  and  broken, 
and  dashed  to  pieces.  But  no  sound  whatever  was  heard  by 
those  without  the  storm,  if  we  except  the  shrill  whistling  of 
the  wind,  like  a  loud  bugle  high  in  the  air.  Those  who  were 
within  one  hundred  feet  of  the  falling  houses  did  not  hear 
them  fall.  Nay,  we  did  not  hear  the  fall  of  the  trees,  which 
were  torn  to  pieces  and  piled  around  our  house.  We  were  not 
even  aware  of  our  danger.  Within  doors  we  conversed,  and 
were  heard  in  the  ordinary  tones ;  but  we  were  unconscious  of 
what  was  going  on  without,  until  informed  by  the  arrival  of 
fugitives  from  the  awful  scene.  It  was  remarked,  too,  by 
persons  in  the  falling  houses,  ^*  we  heard  nothing  but  the  crash 
of  our  own  house." 

Another  fact,  which  it  is  important  to  recollect,  is,  that  it 
was  observed  that  the  comer  of  the  house,  on  the  first  floor, 
next  the  wind,  was  the  safest  part  of  the  building.  In  a  brick 
house,  the  cellar  was  a  very  unsafe  place,  because  if  the  joists 
gave  way  the  cellar  was  filled  with  the  materials  of  the  building. 
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The  side  of  the  house  opposite  the  wind  was  very  unsafe,  be- 
cause the  materials  of  the  building  were  blown  to  that  side. 
A  small  portion  of  the  wall  next  the  wind  always  stood.  Brick 
houses  were  less  safe  than  framed  houses.  They  were  more 
liable  to  be  blown  down,  and  their  materials  were  more  dan- 
gerous. A  young  man  saved  his  life  by  creeping  under  a  bench, 
which  afterwards  sustained  a  mass  of  many  tons.  Some  were 
preserved  by  getting  under  their  bedsteads.  No  place  in  the 
upper  story  of  a  house  was  safe.  The  recollection  of  these 
facts  may  be  usefol  to  us,  should  we  be  so  unhappy  as  to  be 
exposed  to  a  similar  catastrophe,  though  unfortunately  at  such 
a  time  we  are  not  apt  to  recollect  any  thing,  and  are  too  liable 
to  be  deserted  by  our  reason  and  presence  of  mind. 

P.  S.  An  intelligent  farmer,  who  lived  on  the  highlands, 
eight  miles  south  of  Shelbyville,  in  a  situation  which  com- 
mands a  view  of  the  hill  on  which  that  village  is  built,  com- 
municated to  the  writer  a  fact  which  is  curious,  and  may 
throw  some  light  upon  the  nature  of  the  forces  which  produce 
the  gyrations  of  hurricanes.  He  had  risen  about  midnight 
to  look  out  on  the  storm,  his  attention  having  been  excited  by 
the  unusual  brilliancy  of  the  lightning,  and  the  continuous- 
ness  of  its  flashes.  The  heavens  were  overspread  with  dark 
clouds  in  rapid  motion.  There  was  a  strong  western  gale. 
The  lightning  appeared  to  issue  from  a  cloud  which  was  mov- 
ing very  swiftly  towards  Shelbyville.  This  cloud  was  perma- 
nently luminous,  and  between  the  flashes  of  lightning  of  the 
color  of  red  hot  iron.  In  shape  it  was  double,  and  the  two 
portions  approached  each  other  like  the  winM  of  an  eagle, 
and  on  passing  over  the  village,  the  wings  suddenly  coalesced 
and  descended,  and  then  became  invisible  to  the  observer. 
Tliis  occurred,  as  nearly  as  we  could  calculate,  at  the  moment 
when  the  hurricane  swept  over  the  town. 

It  has  been  suggested  to  me  by  a  friend,  that  at  the  moment 
of  the  union  of  the  two  clouds,  two  contrary  currents  of  air 
met,  and  produced  the  whirlwind,  which  was  so  destructive 
in  its  effects. 


XXIV.  On  the  Meteoric  Shower,  of  November,  1836.  By 
Denison  Olmsted,  Professor  of  Natural  Philosophy 
and  Astronomy  in  Yale  College. 

For  six  years  in  succession,  there  has  been  observed,  on  or 
about  the  13th  of  November  of  each  year,  a  remarkable  ex- 
hibition  of  shooting  stars,  which  has  received  the  name  of 
the ''  Meteoric  Shower.*' 
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In  1831,  the  phenomenon  was  observed  in  the  State  of 
Ohio,*  and  in  the  Mediterranean,  offthe  coast  of  Spain.+  In 
1832,  the  shower  appeared  in  a  more  imposing  form,  and 
was  seen  at  Mocha,  in  Arabia  ;t  in  the  middle  of  the  Atlan- 
tic Ocean  ;§  near  Orenberg,  in  Russia  ;||  and  at  Pemam- 
buco^  in  South  America.ir  The  magnificent  Meteoric  Shower 
of  1833,  is  too  well  known  to  require  the  recital  of  any  par- 
ticulars. Of  the  recurrence  of  the  phenomenon  at  the  corres- 
ponding period  in  1834,  and  in  1835,  evidence  has  been  pre- 
sented to  the  public  in  previous  numbers  of  this  JournaL 
(See  Vols,  xxvii,  pp.  339  and  417.  xxix,  168.) 

I  now  feel  authorized  to  assert,  that  the  Meteoric  Shower 
re^appeared  09i  the  morning  of  the  13^A  Mvember,  1836. 

It  has  been  supposed  by  some,  that  the  appearance  of  an 
extraordinary  number  of  shooting  stars,  at  the  several  anni- 
versaries since  the  great  phenomenon  of  November,  1833^ 
can  be  accounted  for  by  the  fact,  that  so  general  an  expecta- 
tion of  such  an  event  has  been  excited,  and  that  so  many 
persons  have  been  on  the  watch  for  it.  Having,  however, 
been  much  in  the  habit  of  observing  phenomena  of  this  kind, 
I  can  truly  say,  that  those  exhibitions  of  shooting  stars  which 
have  for  several  years  occurred  on  the  13th  or  14ui  of  Novem- 
ber, are  characterized  by  several  peculiarities  which  clearly 
distinguish  them  from  ordinary  shooting  stars.  Such  pecu- 
liarities are  the  following. 

1.  The  number  of  meteors,  though  exceedingly  variable, 
is  much  greater  than  usual,  especially  of  the  larger  and 
brighter  kinds. 

2.  An  uncommonly  large  proportion  leave  luminous 
trains. 

3.  The  meteors,  with  few  exceptions,  all  appear  to  pro- 
ceed  from  a  common  centre,  the  position  of  which  has  been 
uniformly  in  nearly  the  same  point  in  the  heavens,  viz.  in 
some  part  of  the  constellation  Leo. 

4.  The  principal  exhibition  has  at  all  times,  and  at  all 
places,  occurred  between  midnight  and  sunrise,  and  the  maX" 
imumfrom  three  to  four  o^clock. 

In  all  these  particulars,  the  Meteoric  Showers  of  1834,  5, 
and  6,  have  resembled  that  of  1833 ;  while  no  person,  so  far 
as  I  have  heard,  has  observed  the  same  combination  of  cir- 

♦  American  Journal  of  Science,  xxviii,419. 

+  Biblioth^que  Universelle,  Sept.  1835. 

t  Amer»  Jour,  xxvi,  136.  §  Ibid.  349. 

II  Ed.  New.  Phil.  Jour.  July,  1836. 

1  New  York  American,  Nov.  15, 1836. 
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cumstances  on  any  other  occasion  within  the  same  period. 
I  have  not  supposed  it  necessary^  in  order  to  estabhsh  the 
identity  of  these  later  meteoric  showers  with  that  of  1833^ 
that  they  should  be  of  the  same  magnitude  with  that.  A 
small  eclipse  I  have  considered  a  phenomenon  of  the  same 
kind  with  a  large  one ;  and^  conformably  to  this  analogy,  I 
have  regarded  an  eclipse  of  the  sun,  first  exhibiting  itself  as  a 
slight  indentation  of  the  solar  limb,  but  increasing  in  mag- 
nitude at  every  recurrence,  until  it  becomes  total,  and  after- 
wards, at  each  return,  but  partially  covering  the  solar  disc, 
until  the  moon  passes  quite  clear  of  the  sun, — as  affording  no 
bad  illustration  of  what  probably  takes  place  in  regard  to 
these  meteoric  showers.  The  fact  that  the  Aurora  Boreahs 
appears  unusually  frequent  and  magnificent  for  a  few  suc- 
cessive years,  aud  then  for  a  long  time  is  scarcely  seen  at  all, 
was  proved  by  Marian,  a  hundred  years  ago.*  There  is  much 
reason  to  suspect  a  like  periodical  character  in  the  pheno- 
menon in  question,  which  first  arrested  attention  in  1831,  be- 
came more  remarkable  in  1832,  arrived  at  its  maximum  in 
1833,  and  has  since  grown  less  and  less  at  each  annual  return. 
Some  seem  to  suppose  that  we  are  now  warranted  in  expect- 
ing a  similar  exhibition  of  meteors  on  the  morning  of  every 
future  anniversary;  but  this,  I  think,  is  not  to  be  expected. 
It  is,  perhaps,  more  probable,  that  its  recurrence,  unless  in  a 
very  diminished  degree,  will  scarcely  be  witnessed  again  by 
the  present  generation.  The  shower,  however,  at  its  late 
return,  was  more  striking  than  I  anticipated ;  and  it  must  be 
acknowledged  to  be  adventurous,  to  enter  the  region  of  pre- 
diction respecting  the  future  exhibitions  of  a  phenomenon, 
both  whose  origin  and  whose  laws  we  so  imperfectly  under- 
stand. 

But  it  is  time  to  present  the  reader  with  the  evidence  of 
the  return  of  the  meteoric  shower  on  the  late  anniversary. 

Accounts  of  observations  before  us  show,  that  the  meteoric 
shower  was  seen  in  most  of  the  Atlantic  States  from  Maine  to 
South  Carolina.     We  will  begin  on  the  north. 

T.  Observations  made  at  Springvale,  Maine.  Extract  of 
a  letter  from  Samuel  Dunster,  Esq.,  Agent  of  the  Franklin 
Manufacturing  Company. 

^'I  requested  the  watchman  at  our  manufacturing  esta- 
blishment to  call  me,  if  anything  of  interest  occurred.  He 
accordmgly  called  me  at  about  a  quarter  before  three  o'clock, 

♦  Trait6  Phys,  et  Hist,  de  L*Aurore  Bor6ale.  P^  M.  De 
Marian. — ^Memoirs  of  the  Royal  Academy  of  Sciences  for  1731« 
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(on  the  morning  of  Nov.  13th.)    At  three  o'clock  I  began  to 
count  the  meteors,  and  numbered  as  follows. 

Time.  Number. 

3  h.  30  m.  .        .        .         .        37 

3  h.  45  m.  .        .        •        -        25 

4  h.  ....  31 
4  h.  15  m.  .  .  .  -  25 
4  h.  30  m.  -        .        -        •        22 

4  h.  45  m.  .        -        .        -  28 

5  h.  ....  22 
5  h.  15  m.  .  -  -  .  16 
5  h.  30  m.  .        -         -        -  20 

5  h.  45  m.        .        -        .        *        11 

6  h.  ....  11 
6  h.  15  m.        -        -        •        -  5 

253 

"  The  meteors,  with  the  exception  of  five  or  six,  all  had  a 
direction  from  a  point  in  the  eastern  part  of  the  heavens  about 
15  degrees  N.  N.  E.  of  the  planet  Jupiter;  and,  although 
they  appeared  in  all  parts  of  the  sky,  still,  if  the  lines  of 
motion  had  been  continued  backwards,  they  would  all  have 
terminated  in  that  point.  Having  witnessed  the  meteoric 
shower  of  1833  in  Pennsylvania,  I  was  particular  to  observe 
the  foregoing  fact.  The  phenomenon  appeared  to  me  to  be 
identical  with  that,  but  ftir  less  magnificent.  The  day  pre- 
ceding had  been  remarkably  rainy,  but  the  night  was  clear 
and  still. 

**  Between  four  and  five  o'clock,  an  auroral  arch  was  to  be 
seen  in  the  north,  and  streamers  at  half-past  five." 

II.  Observations  at  Cambridge  Mass.,  published  in  the 
Boston  Couriery  Nov.  14. 

*'  At  eighteen  minutes  before  four  o'clock  a  large  meteor 
darted  from  the  north.  It  was  quite  luminous,  and  in  size 
apparently  equal  to  half  the  fiill  moon.  This  was  succeeded 
by  many  smaller  meteors,  and  twenty  three  were  counted  by 
me  during  an  hour  and  a  half;  several  were  seen  by  other 
persons  in  the  room,^  which  escaped  my  notice.  During 
this  time  one  was  observed  of  great  brilliancy,  having  a  lumi- 
nous train  apparently  a  yard  in  length.     The  lightningf  con- 

*  From  this  expression  it  is  inferred,  that  the  writer  had  but  » 
■mall  portion  of  the  firmament  in  view, 
f  From  light  clouds  in  the  S.  E. 
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tinued  the  whole  time,  and  there  was  considerable  appear- 
ance of  Aurora  Borcalis.  W." 
Cambridge  Nov.  13. 

III.  Observations  at  Yale  College. 

The  preceding  day  had  been  rainy,  and  early  the  same 
night  the  sky  was  overcast ;  but  before  midnight,  the  firma- 
ment became  cloudless,  and  the  stars  shone  with  uncommon 
brilliancy.  My  expectation  of  a  repetition  of  the  meteoric 
shower  at  this  place  was  so  slight,  that  I  had  made  little  pre- 
paration for  observing  the  heavens,  although  I  looked  out 
frequently  after  midnight.  About  half-past  three  o'clock, 
finoing  that  the  meteors  began  to  appear  in  unusual  numbers, 
I  directed  my  attention  towards  the  eastern  part  of  the 
heavens,  whence  they  appeared  mostly  to  proceed,  and  closely 
watched  the  stars  from  the  Great  Bear  pn  the  north,  to  Canis 
Major  on  the  south,  embracing  in  my  field  of  view  about  one 
third  of  the  firmament. 

It  was  soon  discovered  that  nearly  all  the  meteors  shot  in 
directions  which,  on  being  traced  back,  met  in  one  and  the 
same  point  near  the  eye  of  Leo.  For  a  quarter  of  an  hour 
from  half-past  three  o'clock,  I  counted  twenty  two  meteors, 
of  which  all  but  three  emanated  from  the  above  radiant  point. 
Ten  left  luminous  trains ;  twelve  were  without  trains ;  and  the 
three  that  did  not  conform  to  the  general  direction,  moved 
perceptibly  slower  than  the  others.  The  greatest  part  shot 
oflT  to  the  right  and  left  of  the  radiant,  the  majority  tending 
south  towards  the  Heart  of  Hydra.  The  next  fifteen  minutes 
afforded  but  seven  meteors,  and  the  number  gradually  de- 
clined until  daylight. 

The  exact  position  of  the  radiant  was  near  a  small  star  form- 
ing the  apex  of  a  triangle  with  the  two  bright  stars  in  the 
face  of  Leo,  having  a  Right  ascension  of  145,  and  Declination 
of  25  degrees.*  Its  place  therefore  was  very  nearly  the  same 
as  in  1834,  differing  only  half  a  degree  in  Right  ascension ; 
and  all  the  phenomena  very  much  resembled  those  observed 
that  year,  except  that  they  were  on  a  scale  somewhat  inferior. 

IV.  Observations  at  New  York.  From  the  New  York 
American  of  Nov.  1 5th. 

"  The  annual  recurrence  of  this  phenomenon  being  a  sub- 
ject of  much  interest,  the  undersigned  kept  a  carefiil  watch 

*  This  position  of  the  ^^  radlant,"a8  observed  here  isx  1833,  was 
in  B.  A.  1500,  JQ^c;  20P;  in  1834,  R.  A.  144°  30',  Dec.  30^  15'. 
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on  the  night  of  Saturday  and  morning  of  Sunday  last^  and  is 
gratified  in  being  able  to  announce  the  re-appearaace  of  this 
phenomenon  with  considerable  brilliancy. 

^*  During  the  evening,  but  few  meteors  were  observed,  but 
from  eight  o'clock  until  near  the  dawn,  successive  flashes  were 
observed  in  the  east,  supposed  by  some  to  be  lightning.  At 
eight  o'clock,  a  very  beautiful  auroral  light  was  seen  of  a 
pinkish  color.  This  continued  for  a  short  time  only,  although 
a  general  illuminous  appearance  in  the  north  remained  during 
the  night. 

^*  About  two  o'clock  in  the  morning,  several  meteors  were 
seen  to  dart  across  the  Great  Bear,  and  from  this  time  con- 
stant watch  was  kept  up  until  day  light.  From  two  to  three 
o'clock,  ninety-eight  meteors  were  counted,  some  being  very 
small,  but  the  greater  number  of  great  size  and  brilliancy, 
resembling  a  rocket  both  in  the  explosion  and  trail  left  be- 
hind.— the  trails  lasting  in  some  instances  for  nearly  two 
minutes. 

**  With  two  or  three  exceptions,  the  course  of  the  meteors 
was  divergent  from  a  point  in  Leo,  Declination  20%  Right 
ascension  150%  nearly.  The  place  of  this  point  was  fully 
confirmed  during  the  night. 

**  From  three  to  four  o'clock,  one  hundred  and  fifty  meteors 
were  counted,  and  three  hundred  in  all  were  enumerated. 
After  this  time  we  kept  no  account  of  the  number  though 
many  more  appeared.  From  the  situation  of  the  observer  it  is 
probable  thsit  more  than  half  escaped  notice.  Several  were 
seen  in  the  clear  light  of  the  dawn;  and  Jupiter,  Venus,  and 
Mars,  all  shining  with  great  brilliancy,  were  altemateljjr  out- 
shone by  these  transient  rivals.  No  doubt  now  exists  m  the 
mind  of  the  writer,  as  to  the  distinct  and  pecidiar  character 
of  the  phenomenon;  for,  though  an  attentive  observer  of  such 
matters,  he  has  never  seen  anything  bearing  the  slightest  re-* 
semblance  to  this  display,  except  on  the  night  of  Nov.  12- 
13th,  183^,  when  he  had  the  good  fortune  to  observe  the 
same  appearance  while  at  sea,  off  the  harbor  of  Pemambuco, 
one  year  before  the  far  famed  shower  of  1833.  G.  O.  S.'* 

V.  Observations  at  Newark,  New  Jersey.  From  the 
Newark  Daily  Advertiser. 

This  account  much  resembles  the  foregoing,  as  might  be 
expected  from  the  proximity  of  the  two  places  of  observation. 
The  writer  remarks,  that  previous  to  two  o'clock  a  few  shoot- 
ing stars  were  seen,  but  no  more  than  on  ordinary  occasions. 
After  that  however,  there  was  a  decided  increase.  In  an  hour 
and  a  half  he  counted  about  seventy  five,  although  his  field 
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of  view  took  in  only  60  degrees.  After  four  o'clock,  their 
succession  was  less  frequent,  and  they  continued  to  diminish 
in  number  until  the  dawn  of  day.  He  thinl^B  the  whole  num- 
ber that  fell  was  not  less  than  four  hundred. 

VI.  Observations  at  Randolph  Macon  College,  Vir- 
ginia. By  Prof.  R,  Tolefree,  (communicated  in  a  letter  to 
the  writer  of  this  article). 

.  "On  the  night  of  the  12-13th  November,  three  of  the 
students  and  myself  prepared  to  watch  all  night.  The  sky 
was  serene  and  all  was  caiip.  About  ten  o'clock  meteors  be- 
gan to  appear.  The  first  distinguished  for  its  brilliancy^ 
started  from  the  lower  part  of  the  Little  Bear  and  proceeded 
to  the  southwest.  After  midnight  until  two  o'clock,  all  the 
meteors  shot  westward;  and  from  two  o'clock  until  day  break 
their  course  was  entirely  northwest.  We  only  watched  oc- 
casionally during  the  night,  and  only  on  the  northern  side  of 
the  heaven^,  except  an  occasional  visit  to  the  other  parts 
of  the  buildmg.*  I  counted  two  hundred  and  forty  eight 
shooting  stars,  and  my  companions  saw  a  larger  number  than 
this.  You  may  saiely  conclude  that  five  hundred  were  seen 
by  us,  and  this  from  observations  kept  up  only  at  intervals 
during  the  night." 

VII.  Observations  made  in  South  Carolina.  From  the 
Charleston  Courier  of  Nov.  25. 

**  Greenville,  JSTov.  \9eh. — We  learn  that  the  people  in  the 
neighbourhood  of  Maybinton,  Newbury  District,  witnessed 
the  fall  of  an  immense  number  of  meteors,  which  first  made 
their  a{^arance  about  twelve  o'clock  on  Saturday  night  last, 
and  continued  their  descent  until  daylight  the  next  m(»*ning. 
It  is  said  their  number  was  not  near  so  great  as  that  of  the 
*^  Falling  Stars"  three  years  since ;  but  the  spectacle  is  repre- 
sented as  having  been  very  brilliant  and  unusual. 

From  the  foregoing  accounts  compared,  we  are  led  to  con- 
clude that  the  meteoric  shower  increased  in  intensity  from 
north  to  south,  that  of  South  Carolina  having  been  the  most 
considerable  of  all,  so  far  as  accounts  have  reached  us. 

Does  not  the  recurrence  of  this  phenomenon  for  six  suc- 
cessive years  at  the  same  period  of  the  year,  plainly  show 
its  connexion  with  the  progress  of  the  earth  in  its  orbit  ?  and 
does  not  the  &ct  that  tne  greatest  display  occurs  every  where 

*  Had  Professor  Toletree  taken  his  station  where  his  view  of  the 
firmament  would  have  been  unobstructed^  he  would  probably  have 
seen  a  still  greater  number  Aooting  to  the  southwest 
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in  places  differing  widely  in  longitude,  at  the  same  hour  of 
the  day,  as  plainly  indicate  its  connexion  with  the  motion  of 
the  earth  on  its  axis  ?  The  supposition  of  a  body  in  space, 
consisting  of  an  immense  collection  of  meteors,  stretching 
across  the  earth's  orbit  obliquely,  so  that  the  earth  passes  un- 
der it  in  its  annual  progress,  while  places  on  its  surface  lying 
westward  of  each  other  are  successively  brought  by  the  diur- 
nal revolution  to  the  point  of  nearest  approach,  will  satisfy 
both  these  conditions.  I  can  think  of  no  other  that  will. 
The  "point  of  nearest  approach"  may  be  merely  the  extremity, 
or  the  skirt  of  the  nebulous  body,  while  the  greatest  part  of 
it,  and  consequently  its  centre  of  gravity,  lies  too  distant 
from  the  earth  to  be  much  influenced  by  its  gravity.  It 
would  not  be  at  all  inconsistent  with  the  known  extent  of 
astronomical  bodies,  to  give  to  the  body  in  question  a  breadth 
of  thousands,  and  a  length  of  millions  of  miles. 

It  was  an  accidental  observation,  made  after  the  conclusion 
was  formed,  which  ascribes  the  origin  of  the  meteoric  showers 
to  a  revolving  nebulous  body,  that  first  led  me  to  suspect  the 
Zodiacal  Light  to  be  the  body  in  question.  This,  according 
to  La  Place,  is  such  a  nebulous  body,  revolving  around  the 
sun  in  the  plane  of  the  solar  equator.*  We  actually  observe 
it  to  reach  over  the  orbit  of  the  earth,  making  an  angle 
with  its  plane  of  only  7J  degrees.  It  is  not  difficult  to 
place  it  in  such  a  situation  that  the  earth  shall  come  very  near 
to  the  skirts  of  it  at  least.  We  should,  indeed,  expect  this 
meeting  of  the  two  bodies  to  take  place  at  the  nodes  of  the 
solar  equator,  and  therefore  in  December  and  June  instead  of 
November  and  April.  It  is  easily  conceivable,  however,  that 
the  aphelion  of  the  Zodiacal  Light,  at  which  place  it  approaches 
nearest  to  the  earth,  does  not  lie  exactly  at  the  node,  but  so 
far  from  it  that  the  earth  passes  it  a  month  before  it  comes  to 
its  node,  at  which  time,  moreover,  the  earth  is  more  than  a 
million  of  miles  nearer  to  the  sun  than  its  mean  distance.  In 
endeavouring  to  fix  the  periodic  time  of  the  meteoric  body, 
since  it  must  be  either  a  year  or  half  a  year,  (for  no  other 
periodic  times  could  bring  the  two  bodies  together  at  intervals 
of  a  year,t)  several  considerations  induced  the  belief,  that 
half  a  year  was  the  true  period — an  inference  drawn  especi- 
ally from  the  apparent  great  excess  of  velocity  of  the  earth  at 
the  point  of  concourse;  but  the  period  of  a  year,  (or  more 
probably,  a  little  less  than  a  year,)  by  implying  that  the  two 
bodies  are  always  comparatively  near  to  each  other,  would 

♦  Mec.  Celeste,  (Bowditch)  Vol.  II.  5^5. 
+  See  Vol.  XXVL  p.  166,  of  this  Journal. 
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better  explain  the  occurrence  of  shooting  stars  at  all  seasons  of 
the  year,  and  would  be  particularly  favourable  to  the  explana- 
tion of  those  meteoric  showers  which  have,  on  two  occasions^ 
at  least,*  occurred  near  the  last  of  April, — a  time  distant  about 
half  a  year  from  November,  and  therefore  sustaining  a  like 
relation  to  the  opposite  point  of  its  orbit.  In  such  a  case, 
meteoric  showers  would  occur  in  April  and  November,  for  the 
same  reason  that  the  Transits  of  Mercury  take  place  in  May 
and  November  exclusively.  The  greater  frequency  of  meteors 
in  November  than  in  April,  naturally  results  from  the  greater 
proximity  of  the  earth  to  the  sun  at  the  former  than  at  the 
latter  period;  to  which,  perhaps,  may  be  added,  the  effect  of 
the  eccentricity  of  the  orbit  of  the  meteoric  body,  the  aphelion 
being  on  the  side  of  November.  In  the  present  state  of  our 
knowledge  on  this  subject,  I  regard  it  as  a  point  open  for 
inquiry,  whether  it  will  best  accord  with  all  the  phenomena  of 
shooting  stars,  to  give  to  the  meteoric  body  a  period  of  nearly 
one  year,  or  of  half  a  year. 

I  have  been  somewhat  disappointed,  that  astronomers  should 
have  paid  so  little  attention  to  the  remarkable  changes  which 
take  place  in  the  Zodiacal  Light,  about  the  13th  of  November, 
as  has  been  repeatedly  mentioned  in  this  Journal.  It  appears 
to  me  a  fact  deserving  their  attention,  that  the  Zodiacal  Light, 
which  for  weeks  before  the  13th  of  November,  appears  in  the 
morning  sky,  with  a  western  elongation  of  from  60  to  90  de- 
grees from  the  sun,  (while  up  to  that  time  not  a  glimpse  of  it 
can  be  caught  in  the  evening  sky,)  should  immediately  after- 
wards appear  after  the  evening  twilight  in  the  west,  and 
rapidly  rise  through  the  constellations  Capricomus  and  Aqua- 
rius, to  an  elongation  of  more  than  90  degrees  eastward  of  the 
sun,  while  it  as  rapidly  withdraws  itself  from  the  morning  sky, 
and  within  a  few  days  vanishes  entirely  from  the  western  side 
of  the  sun.  For  three  years  past  I  have  observed  these  changes 
with  much  interest,  and  feel  warranted  in  asserting,  that  they 
have  been  repeated  with  uniform  regularity.  The  present 
year,  the  light  was  very  feeble  in  the  morning  sky,  an  effect 
partly  owing  to  the  presence  and  peculiar  splendor  of  the  planet 
Venus;  but  as  soon  after  the  13th  of  November  as  the  absence 
of  the  moon  would  permit  observations,  the  light  appeared  in 
the  west  immediately  after  twilight,  crossing  the  MUky  Way, 

♦  In  Virginia,  and  various  other  parts  of  the  United  States,  in 
1803,  and  in  France  in  1095.  Making  suitable  allowances  for  the 
more  rapid  progress  of  the  earth  through  the  winter  signs,  and  for 
the  change  of  style,  and  the  Meteoric  shower  of  the  25th  of  April, 
1095,  occurred  at  very  nearly  the  opposite  point  of  the  earth's  orbit. 
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and  rising  in  a  pyramid  almost  as  bright  as  that,  the  triangular 
space  between  it  and  the  Galaxy,  embracing  the  Dolphin, 
appearing,  by  contrast,  strikingly  darker. 

I  can  account  for  this  great  and  rapid  change  of  place  in 
the  Zodiacal  Light,  a  change  which  is  unlike  any  it  sustains 
at  any  other  period  of  the  year,  only  by  supposing,  that  on  or 
about  the  13th  of  November  it  comes  very  near  to  us,  and 
that  we  pass  rapidly  by  it,  thus  giving  it  a  great  parallactic 
motion,  an  effect  which  is  in  perfect  accordance  with  all  our 
previous  conclusions. 

According  to  this  view  of  the  subject,  the  Zodiacal  Light 
would  no  longer  be  regarded  as  a  portion  of  the  sun^s  atmos^ 
phere,  but  as  a  nebulous  or  cometary  body,  revolving  around 
the  sun  within  the  earth^s  orbit,  nearly  in  the  plane  of  the 
soldr  equator,  approaching,  at  times,  very  near  to  the  earth, 
afid  having  a  periodic  time  of  either  ofie  year,  or  half  a 
year,  nearly. 

Such,  I  aflSrm,  would  be  the  fact,  should  the  Zodiacal 
Light  be  proved  to  be  the  body  which  affords  the  meteoric 
showers. 

Yale  College,  Dec.  19,  1836. 


XXV.     Electro-Magnetic  Apparatus   and  Eooperiments. 
By  Chari^es  G.  Pagr,  M.  D.* 

Salem,  (Mass,)  August  23,  1837. 

I  have  completed  the  following  pieces  of  electro-magnetio 
ai^ratus  for  exhibiting  the  rotation  of  conductors  by  mag- 
nets, without  the  use  of  mercury.  The  motory  force  in  such 
experiments  is  very  feeble,  but  by  the  use  of  solid  conductors, 
as  in  fig.  28,  Plate  iV.  and  I  attain  a  more  rapid  movement  than 
when  thewiresrun  inmercury.  The  discovery  alluded  to  in  the 
article  on  the  electro-magnetic  engine,  viz :  the  admissibility 
of  oil  between  conducting  surfaces,  I  conceive  to  be  of  great 
importance,  and  will,  doubtless,  soon  change  the  whole  aspect 
df  electro-magnetic  and  dynamic  apparatus.  It  supersedes 
the  use  of  mercury,  where  freedom  of  moticHi  and  the  constant 
passage  of  the  galvanic  current  is  required. 

Fig.  28,  represents  the  ring  of  De  la  Rive,  mounted  for 
rotation  between  the  poles  of  a  horse-shoe  magnet.  The  ring 
a,  is  four  inches  in  diameter,  and  consists  of  eight  turns  of 
copper  wire,  covered  with  cotton.  Its  two  ends  are  brought 
down  at  b  b,  and  soldered  to  cylindrical  segments  of  silver. 

♦  From  Siiliman's  American  Journal,  for  October  1837, 
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These  segments  are  secured  upon,  and  insulated  from  the 
axis.  Both  are  to  be  reduced  in  size  as  much  as  is  consistent 
with  strength,  in  order  to  diminish  the  friction.  The  two 
conducting  wires,  connected  with  a  pair  of  plates  by  the  mer- 
cury cups  on  the  stand,  are  bent  into  a  spiral  at  c  and  d,  in 
order  to  press  them  with  a  slight  spring  against  the  segments 
b,  b.  When  the  instrument  is  used,  a  drop  of  oil  is  put  on 
the  segments.  This  is  a  pleasing  experiment ;  the  ring  (if 
highly  coloured)  revolving  so  rapidly,  gives  the  appearance  of 
a  hollow  sphere.  Indeed  it  would  be  easy  to  exhibit  two  or 
more  concentric  rings,  revolving  diiferent  ways,  and  with 
different  degrees  of  velocity.  I  believe  this  is  the  first  instance 
of  the  rotation  of  a  conductor,  effected  by  reversing  its  tan- 
gential action. 

Fig.  29  represents  the  electro-dynamic  cylinder  of  Ampere, 
mounted  in  the  same  manner  as  in  the  ring,  fig.  28.  This 
helix  of  wire  (called  by  some  the  pure  voltaic  magnet)  has  its 
ends  bent  inward,  passing  through  its  axis  and  brought  out 
at  its  centre,  to  be  soldered  to  the  segments  i,  6.  The 
arrangement  otherwise  is  similar  to  fig.  28.  The  hitherto 
mode  of  exhibiting  the  magnetic  polarity  of  this  cylinder,  has 
been  to  float  it,  with  a  battery,  in  a  large  basin  of  acid  and 
water.  This  inconvenience  might  have  been  obviated  by 
mounting  the  helix  as  in  the  figure,  and  allowing  its  ends  i,  6, 
to  descend  into  separate  mercury  cells ;  but  the  use  of  mer- 
cury is  objectionable,  and  by  adopting  the  arrangement  de- 
scribed, the  polarity  of  the  helix  is  exliibited  in  a  convenient 
and  pleasing  manner.* 

Remarks  on  the  preceding  paper. 

Dr.  Page's  apparatus  are  exceedingly  ingenious  and  we 
have  no  doubt  of  their  operating  well.  There  is  also  much 
novelty  in  the  arrangement ;  although  ^*  the  rotation  of  a  con- 
ductor, effected  by  reversing  its  tangential  action  "  has  long 
ago  been  performed  by  other  kinds  of  apparatus.  In  the 
Mechanic's  Register  for  the  year  1825,  there  is  a  description 
of  Mr.  Marsh's  thermo-electric  rectangle,  whose  rotatory  mo- 
tions depend  upon  a  reversal  of  the  'tangential  action." 
The  same  instrument,  and  also  a  single  rectangle,  operating 
in  the  same  way,  are  described  in  Professor  Cumming's 
"  Electro-dynamics,"  published  in  1827,  and  well  illustrated 

♦  Dr.  Page  has  described  another  method  of  fitting  up  the  cir- 
cular coil ;  but  for  want  of  room  in  the  plate  for  the  illustrative 
figure  which  accompanies  the  description,  we  are  obliged  to  defer 
presenting  it  to  our  readers  till  the  next  number.    Edit. 
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by  figs.  96  and  97,  Plate  VI.,  of  that  excellent  work.  We 
may  also  refer  our  readers  to  fig.  10,  Plate  III.,  of  the  "  Trans- 
actions of  the  Society  of  Arts,  &c.''  for  182.5,  for  a  representa- 
tion of  an  instrument  which  operates  upon  the  same  principle. 
The  following  is  a  description  of  an  instrument  whose  rota- 
tions are  accomplished  by  a  reversal  of  the  electric  current  in 
the  moving  conductors. 

In  fig.  31,  Plate  IV.,  a,  i,  c,  rf,  e,/,  is  a  rectangular  brass 
wire,  open  at  the  lower  side  at  a,f,  and  supported  on  a  neat 
boxwood  pillar,  by  a  fine  point  soldered  to  its  upper  side,  as 
seen  in  the  figure.  The  point  which  is  placed  in  a  conical 
metallic  hole  on  the  top  of  the  pillar,  is  the  pivot  on  which  the 
rectangle,  revolves. 

Through  the  upper  part  of  the  pillar  is  a  rectangular  hole 
for  the  admission  of  two  bar  magnets  (sometimes  three  mag- 
nets are  employed),  whose  similar  poles  have  the  same  direc- 
tion. Lower  down,  a  portion  of  the  pillar  is  formed  into  a 
dish,  which  is  divided  into  two  compartments  for  holding 
mercury.  The  upper  portion  of  the  pillar  stands  in  the  mid- 
dle of  the  dish ;  the  whole  of  the  pillar  being  one  and  the 
same  piece  of  wood.  The  partitions  which  separate  the  com- 
partments, are  at  right  angles  to  the  plane  of  the  magnets, 
and,  consequently,  the  centre  of  each  mercurial  compartment, 
is  in  the  same  vertical  plane  in  which  is  the  axis  of  the  mag- 
nets. 

The  extremities  a, /,  of  the  rectangular  wirie,  are  finely 
pointed,  and  bent  downwards  to  be  slightly  immersed  in  the 
mercury,  whose  surface  is  more  prominent  than  the  wooden 
partitions  which  separate  the  compartments  in  which  it  is 
placed.  If  now  the  wires  C  and  Z  respectively  unite  the 
mercury  in  the  cells  with  the  copper  and  zinc  of  a  voltaic  pair, 
the  current  through  the  upper  part  of  the  rectangle  will  in- 
variably flow  in  the  direction  indicated  by  the  arrow.  By  this 
current  the  rectangle  would  be  deflected  from  the  poles  of  the 
magnet,  in  such  manner  that  the  end  rf,  e,  would  move  to- 
wards a  spectator  looking  at  the  figure.  The  electro-mag- 
netic force  would  be  sufficient  to  carry  the  rectangle  forward 
until  the  point/,  came  into  contact  with  the  mercury  which 
the  point  a,  had  left ;  the  latter  now  being  in  contact  with 
that  portion  of  mercury  which/*  had  left*  The  current  would 
now  be  reversed  as  regards  the  wire,  but  would  still  continue 
in  the  same  direction  as  regards  the  position  of  the  magnets; 
hence  the  tendency  to  deflection  would  be  in  the  same  direc- 
tion as  before ;  and  the  rectangle  would  receive  another  im- 
pulse which  would  again  reverse  its  position,  and  change  its 
connexions  with  the  mercurial  cells,  or  poles  of  the  battery. 
On  this  principle  rapid  rotations  are  produced. 
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We  have  employed  rectangles^  and  also  circular  rings  of 
twelve  inches  diameter.  But  when  large  we  find  that  two, 
placed  at  right  angles  to  each  other,  answer  much  better  than 
one  alone.  It  would  be  needless  to  say  how  long  we  have 
employed  apparatus  of  this  kind :  it  will  be  sufficient  to  say 
that  Charles  Payne,  Esq.,  late  manager  of  the  Adelaide 
Gallery  of  Practical  Science,  has  had  one  of  the  instruments, 
represented  by  fig*  32,  in  his  possession  for  more  than  four 
years.  Mr.  Payne's  instrument  has  two  rectangles  placed  at 
right  angles  to  each  other.  The  magnets  are  about  eight 
inches  long,  and  the  electric  current  is  produced  by  a  single 
pair  of  bismuth  and  antimony,  heated  by  a  spirit  lamp. 

The  basin  of  acid  and  water  which  Dr.  Page  complains  of, 
has  long  been  discontinued  by  the  introduction  of  a  neat 
apparatus  invented  by  Mr.  Marsh.  This  instrument  con- 
sists of  a  glass  tube,  or  cylindrical  vessel  into  which  is  placed 
the  voltaic  pair,  with  the  attached  spiral  conductor  standing 
above.  The  tube  is  fixed  in  the  centre  of  a  dish  of  cork,  and 
the  whole  floated  on  a  basin  of  clean  water.  This  invention 
is  upwards  of  thirteen  years  old. 

Fig.  30  plate  IV.  is  arepresention  of  an  instrument  which  we 
have  long  used  for  the  same  purpose.  It  consists  of  a  light 
copper  dish,  (made  of  thin  sheet  copper  hammered  to  the 
proper  shape)  and  a  disc  of  copper  and  another  of  zinc,  each 
about  the  size  of  a  shilling,  with  the  spiral  conductor.  The 
ends  of  spiral  wire  are  soldered  to  the  metallic  discs,  one  to 
each.  The  copper  disc  is  placed  beneath  the  zinc,  they  being 
separated  by  a  piece  of  paper.  When  used,  the  spiral  with 
its  metals,  are  placed  in  the  centre  of  the  dish,  with  a  little 
dilute  nitrous  acid ;  and  the  whole  floated  on  a  basin  of  clean 
water,  as  seen  in  the  figure. 

We  are  exceedingly  glad  to  observe  that  Dr.  Page  has  de- 
rived samuch  assistance  irom  thcj  use  of  oil'm  his  apparatus. 
We  have  long  experienced  its  utility,  especially  in  electro- 
magnetic engines,  and  magnetic  electrical  machines.  We 
are  very  far  from  supposing  that  Dr.  Page  was  aware  that 
oil  had  long  been  employed  for  this  purpose  in  this  country 
prior  to  the  date  of  his  papers.  But  we  must  beg  permission 
to  state  that  the  fact  was  well  known  to  some  of  the  most 
eminent  American  Philosopliers  in  the  summer  of  1836.  We 
shall  speak  more  particularly  on  this  subject  in  our  next 
number ;  in  which  we  mean  to  publish  some  other  of  Dr.  Page's 
interesting  papers.     Edit. 


Vol.  II.— Ab.  8,  February,  1838.  K 
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XXVL      On  the  stratification    of  minerals  by   Voltaic 
electricity.    By  W.  Norris,  Esq. 

Sir, 

In  the  Annals  of  Electricity  for  the  present  months  I  find 
an  interesting  article  on  the  '-  influence  cf  electrical  action 
on  clay,  by  Robert  Were  Fox,  -Esq* ,"  in  cottso<yi«nce  of  which 
I  am  induced  to  request  your  insertion  o£tb«  following  ^*- 

Five  years  ago,  a  friend  of  mine,  .Mr.  John  Ldathart  of 
Alston,  Cumberland,  explained  to  me  the  outline  of  an  elec- 
trical theory  of  mineral  veins.  Having  been  abroad,  I  had 
no  further  communication  with  Mr.  Leathart  on  the  subject, 
until  the  beginning  of  1836,  when  I  had  the  pleasure  of  perus- 
ing in  manuscript  an  account  of  his  theory  which  he  was 
preparing  for  publication.  To  his  theory  of  the  formation 
and  filling  up  of  minerd  veins,  he  had  then  added  an  entirely 
new  theory  of  stratification ;  but  up  to  that  time  he  had  not 
performed  any  experiments,  nor  was  he  aware  of  any  having 
been  performed,  tending  to  confirm  his  c^inions;  those 
opinions  having  been  formed  by  close  observation,  and  reason- 
ing on  facts  which  had  been  presented  to  him  during  many 
years'  experience  as  a  practical  miner. 

As  Mr.  Leathart's  iaeas  appeared  very  bold  dnd  novel,  I 
advised  him,  before  taking  further  steps,  to  attempt  to  verify 
by  experiment  the  principles  on  which  his  theorytwfeis^ibundecL 
llie  experiments  of  Mr.  Crosse  being  |)uMished  «oon  after 
this,  tended  to  confirm  some  of  his  views,  and  Robert  Were 
Fox,  Elsq.,  in  some  points  anticipated  his  theory  of  mineral 
veins.  There  was  still,  however,  a  necessity  fot  fucth^r  expe- 
riments to  confirm  Mr.  Leathart's  theory  of  stratification, 
and  after  some  trouble  and  delay,  arising  from  our  aitoation 
in  an  insulated  country  town,  we  succeeded  in*eonstnicitkig  a 
simple  galvanic  apparatus  which  would  yield  a  gentle  con- 
tinuous action  for  many  weeks  or  months  if  required. 

The  results  of  a  series  of  experiments  with  this  apparatus 
appear  completely  to  confirm  the  ideas  of  Mr  Leathart  that 
the  stratification  of  the  earth  has  been  effected  by  electric 
agency. 

Portions  of  different  rocks  weire  reduced  to  a  fine  j^wder 
and  mingled  together  with  water  into  a  honu^eneoas  vnaas,  of 
the  consistence  of  soft  clay  or  mud.  After  being  subjected  to 
the  action  of  a  current  of  electricity  fromtendays^to  a  fort- 
night, these  compounds  were  separated  into  distinct  layewK  or 
strata  of  the  different  rocks  which  had  been  mixed  together ; 
the  line  of  division  between  the  strata  being  at  right  angles  to 
the  direction  of  the  current. 
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A  variety  of  interesting  phenomena  were  observed  in  the 
course  of  these  experiments.  In  one  case  blue  limestone  was 
separated  from  an  equal  quantity  of  argillaceous  matter^  with 
which  it  had  been  mixed,  and  was  converted  into  white  mar- 
ble. In  another  experiment  portions  of  carboniferous  (blue 
limestone),  siliceous  (brown  freestone),  and  argillaceous  (plate 
or  shale)  rocks  were  mixed  together.  The  limestone  was 
collected  at  the  positive  or  zinc  end,  the  plate  at  the  negative, 
and  in  the  centre  the  freestone  formed  a  stratum  having  the 
appearance  of  white  quartz.  But  it  is  not  my  intention  in 
this  notice  to  enter  into  particulars.  I  am  in  daily  expectation 
of  a  packet  from  Mr.  Leathart,  and  hope  to  be  able  to  pre- 
sent a  more  detailed  account  of  his  views  and  experiments,  for 
insertion  in  the  Annals  of  Electricity,  for  March. 

I  am.  Sir, 

Your's,  most  respectfully, 
WILLIAM  NORRIS. 

4,  Arundel  Street,  Strand, 
London,  January  24£A,  1838. 


XVII.     On  Voltaic  batteries.     By  J.  Harper,  Esq. 

My  dear  Sir, 

The  note  at  the  bottom  of  page  1  of  the  last  number  of  your 
Annals,  directed  my  attention  to  Professor  Daniel's  voltaic 
battery,  described  in  the  second  number,  article  17,  and  which 
I  must  have  been  remiss  in  not  paying  it  that  attention  at  the 
time,  which  it  demanded. 

In  now  considering  more  particularly  its  construction,  a 
question  presented  itself,  whether  it  could  not  be  simplified, 
without  lessening  its  utility.  The  glass  tube  appeared  ob- 
jectionable as  bemg  troublesome  in  fitting  up,  and  liable  to 
accident,  especially  as  a  series  of  these  batteries  are  required. 
The  improvement  which  suggested  itself  is  to  get  rid  of  the 
most  expensive  parts,  that  is  to  say,  the  copper  vessel  with  its 
collars  at  bottom  and  top,  and  the  glass  tube;  instead  of 
which,  to  line  a  porcelain  jar  with  straight  sides  (such  as  those 
ccHnmonly  used  for  keeping  preserves  in),  with  a  piece  of  sheet 
copper  which  need  not  be  soldered.  The  copper  lining  to 
have  a  copper  wire  soldered  to  the  upper  part  for  communica- 
tion with  a  cup  of  mercury.  The  ox  gullet  can  easily 
be  made  water  tight  at  bottom  by  fitting  a  cork  to  it,  and 
binding  it  round  with  waxed  thread ;  a  small  glass  syphon  is 
then  placed  with  its  shortest  leg  inside  the  gullet,  of  such  a 
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length  as  shall  nearly  touch  the  cork  at  bottom*  by  >i(rhich  the 
saturated  diluted  acid  is  drawn  ofl^  and  whiphmay  be  jegulated 
by  inserting  a  small  piece  of  spopigq  Xo  wcbfirge  it  ^ven  by 
drops,  if  necessary  i  so  thai  tbe  mianiity,ar^w?i  off  jni^y.  equal 
the  Supply  of  fresh  diluted  apid  adi^ittQd.at  tqp,  $ucliai  bat- 
tery, I  conceive,  can  be  fitted  up  ^^  any  f  T^pejrii?pi<^i;^tier  with 
very  little  assistance.  ".  ^  ^      ',  »..',..,  i...  .  -';,■  ^f- '■ 

Until  the  use  of  mercury  can  be  dusp^^^^iYt^^^  -^i^PB^^^^ 
the  cups  for  holding  it  I  have  foundtofi^ns^r^r  t^^yvHiepmiM^ 
of  brass  in  form  of  the  section,  fig.  32>7?late  tv,  XVe.cavity  w 
thus  reduced,  so  as  to  hold  little  mercury,  andb^  just  suflSpi^nt 
to  encompass  the  wire  or  wires  used.  I  have  long  (iiacontir^u^d 
to  amalgamize  the  wires  as  it  makes  them  very. brittle;.  t^Qj 
do  well  without. 

I  remain^  &c„        ... 

Oxford,  January  IT,  1838. ,  .  ..}..: 


XXVIII.     Electrical  Society  of  J^ondon.         .    ^ 

Saturday,  Janttary  O.^Mr.  W.  M.  Higgiiis  read  aii  int^o* 
ductory  paper  on  the  discovery  of  galvanism,  with  an  account 
of  the  experiments  and  theory  of  Volta.  After  a  brief  allusion 
to  the  discoveries  made  by  G^lvani.  Mr.  H.  proceeded  to  ex- 
plain the  several  views  in  support  ^fjand^wiiyM/  jfis  Jfcpory, 
byPfaff,  Spallanzaiii,  Mimro  andValli.  Mr.  Higgins  then  des- 
cribed and  followed  the  pro^e^ivp  .ei^)^r}wei;itS|||j|4^^aspn- 
ings  of  Volta,  particularly  those  coi;itaix^edi^,apaBer  oqinEWf 
nicated  to  the  Royal  Society,  and  published  in,  tfee^  t^^^sao- 
tions.  In  conclusion,  he  suggested  the, great  assis^i^^  jspje^i^ji?/^ 
would  receive  by  the  re-puDUcatiogo,  of  suclipajpea^Ss,  9^  wejl  as 
those  of  a  more  modern  date,  catefully  collated  fr^m ,  tl^j^  ^.tu> 
pendous  and  multifarious  transactions  pftth^JEl^fil^^oqiety,. 

Mr.  Sturgeon  read  a  paper  entitlei  *^  an  ifivestigation  i»t;Q 
the  cause  of  the  fracture  of  jars  duriAg  aiji  elefitri.^,pr^chiprge, 
and  into  the  mode  of  protectmg  them,''  (this  paper  is  inserted 
in  the  Annals  of  this  month;^*^    ^       ^  ^^     .  u  W    n-  v  \ 

Saturday,  January  20.^-The  aSffl3taiit  i^t^^tftrjr  t^ad  a 
paper  received  from  Andrew  Crosse,  Esq.,  describing  the 
nature  and  progress  of  his  experiments,  by  which  certain  in- 
sects of  the  Acani%  tribe  have  been  produced.  A  short  account 
of  Mr.  Crosse's  experiments  have  already  been  printe4  lA  t^,^ 

♦  See  page  86. 
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Annals,  Vol.  I.  pa^e  242,  but  in  this  paper  (which  has  been 
written  at  the  reqti^st  pf  th^  Society)  Mr.  C,  has  not  only 
entered  vei*y  rtiiiutejy  into  the  nature  a^d  progress  of  his  ex- 
j^erim^hts,  but  he  Ipts  also  fiiiiiigli^d  drawings  and  diagrams 
ofall the ^^p^i^ttii'ii^d.  '  "IPhe i^traightiWward  and  unassum- 
injg'nlal^nCT  ini^hidh  IVfc'.  C^'i^^se  liasj:hus  commui^icated  such 
fiifi  'pittWjtflars  6f  his  'fepeririients,  is,  perhaps,  the  best  answer 
that  gentleman  could  haVje  mad.e  to  the  uncalled  for  as  well  as 
iritftfinblpitetf  fifttaWfc^^fth  w^^  lie  h^s  been  assailed,  and  to 
whidh  he  inej%fy/^Hud^3  in  the  following  words  :  "It  is  most 
«nt)!easkii<  to  niy  feelings  to  glance  at  myself  as  an  individual, 
btt^T  hctve  iriet  with  sp  much  virulence  and  abuse,  so  much 
ealtimiiy  and  misrepresentation,  la  consequence  of  the  experi- 
ments wttieh  lam  about  to  detail,  and  which  it  seems  in  this 
19th  century  a  crime  to  have  made,  that  I  must  state,  not  for 
the  sake^9fmyS9lfi  for  I  utterly  scorn  all  such  misrepresenta- 
tions, but  TOT  the  sake  of  truth  and  the  sc^.nce  which  I  follow, 
that  I  am  neither  an  atheist,  nor  a  materialist,  nor  a  self-ima- 
gined Creator,  but  a  humble  and  lowly  reverencer  of  that 
great  being  whose  laws  my  accusers  seem  wholly  to  have  lost 
sight  of.'V,,  ^    \  ,,  ..... 

The  paper  will,  we  understand,  be  printed  by  the  Society 
in  its  traif sactionsj^,(^jierwis0  w€^  should,  have  been  induced  to 
have  ^yen  copious  extracts.. 

XXl^JlfeB^tpM^  &  I^OTIC^^^  NEW  BOOKS. 

"It[  fh^'feisf  iriiitibjer  of  the  Annals^  we  had  pccasion  to  no- 
tltefcf  Mr.  liSit&ted^s  new  publication  oij  Electricity;  but  for 
wiaiitipf  i*6dm  We  wfere  obliged  to  limit  our  remarks  to  a  few 
pA^tifclflairts'  drily.  Since  that  time,  we  have  read  the  work 
agalA'YtJt  ratlwpt'tfte^ecowrf  joar^,  which,  in  fact,  is  the  real 
sdM  OT  itj,  aiia  otit  good  opinion. of  the  author's  abilities,  and 
estefelh' for 'Ws^  peiroi-nia  not  in  the  least  abated  in 

dphfeemietfee.^ '  'The  following  specimen  will  give  a  good  idea 
df-'th^feWrad^tbf  ,th^\^ol*k.       '  /    . 

^^ Animal  Heat;  JVervous  Inflikncep  Circulation  of  the 
.   [Shctrie  fluid  through  thmWenxjUis  System,  8fe, 

'^  '^  Thecbr^itie^ionbe^  chemical 

flioti'aSad  pe  Apyelc^m^nt  of  eleqtricity>  has  already  been 
^nte5  otit  in  the  jEbrji;ner  ^art  of  tl^s  es^ay.     The  importance 
ttf^  lact^  itliat  no  chemical  action  can  take  place  without  a 
disturbance  of  the  equilibrium  of  the  electric  fluid,  will,  how* 
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ever,  be  more  fully  appreciated  when  considered  in  a  physio- 
logical point  of  view. 

*  ^During  the  process  of  respiration,  the  oxygen  of  the  in- 
spired atmospheric  air  enters  into  combination  with  the  car- 
bon of  the  blood,  by  means  of  which  a  two-fold  method  of 
supplying  the  animal  heat  is  obtained,  viz.  first,  by  the  evolu- 
tion of  caloric  from  the  oxygen  gas ;  and  secondly,  by  the 
disengagement  of  electricity  during  the  combination  of  the 
oxygen  and  carbon.  Now  Crawford's  theory,  relative  to 
animal  heat,  is  founded  entirely  apon  the  single  phenomenon 
of  the  evolution  of  caloric  from  the  oxygen  gas.  But  although 
his  hypothesis  is  sufficient  for  the  explanatfon  of  most  of  the 
phenomena  presented  by  the  production  of  such  heat,  there 
are  several  which  could  not  be  accounted  for  by  this  means, 
ex.  gr,  the  increased  temperature  of  a  diseased  part  several 
degrees  above  that  of  the  blood  taken  at  the  left  auricle.  For 
such  increase  of  heat  we  must  search  for  another  cause,  and 
this  may  readily  be  obtained,  since,  at  the  instant  of  the  for- 
mation of  the  carbonic  acid  gas  in  the  lungs,  electricity  as  well 
as  caloric  is  disengaged.  But  it  has  been  denied  that  there 
is  any  increase  of  temperature  in  diseased  parts,  and  that 
there  is  merely  a  sensation  of  heat  experienced  by  the  patient. 
However  this  may  be,  our  hypothesis  is  not  alfected,  for  the 
changes  that  are  produced  during  respiration  are  strictly  che- 
mical :  and  no  one  will  now  attempt  to  assert  that  chemical 
action,  how  slight  soever,  can  take  place  without  being  ac- 
companied by  concurrent  changes  in  the  electrical  state  of  the 
bodies  acted  upon,  and  consequently  there  must  be  a  disen- 
gagement of  electricity.  Electricity  then,  is  set  free  during 
the  process  of  respiration,  and,  indeed,  during  all  the  other 
electro-jdiysiological  processes,  (if  the  term  may  be  allowed,) 
such  as  digestion,  &c.  Such  being  the  case,  can  it  be  for 
one  moment  imagined,  that  a  fluid  of  so  subtle  a  nature,  and 
continually  supplied  as  it  must  be  during  so  many  processes, 
has  not  its  peculiar  functions  to  perform  m  the  animal  econo- 
my ?  And,  impressed  as  we  are,  with  the  conviction  of  its 
extreme  subtlety,  is  it  not  natural  to  infer  that  it  plays  a  part 
in  the  more  mysterious  functions  of  our  frames  ?  Those  who 
deny  this  will  place  themselves  in  a  dilemma,  for,  stince  the 
equilibrium  is  invariably  disturbed  during  chemical  action, 
and  since  the  processes  of  respiration,  digestion,  &c.  &c.  as 
before  observed,  are  strictly  chemical,  they  must  be  prepared 
to  point  out  a  path  by  which  the  constant  supply  of  the*  fluid 
may  be  conducted  quietly  from  the  body.  What,  thto,  are 
its  duties  ?  First,  it  aids  in  the  supply  of  heat.  And  in  what 
mode  does  it  thus  act  ?  Simply  thus ;  by  its  being  transmitted 
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from  the  nerves,  the  most  perfect  conductors  in  the  body,  to 
other  parts  of  the  frame,  and  finally  to  the  surface,  through 
less  perfect  conductors.  The  result  as  regards  caloric,  when 
electricity  is  thus  transmitted  from  good  conductors  through 
otb^s  of  inferior  coadocting  power,  is  too  well  known  to  every 
electrician  to  require  the  waste  of  space  for  a  list  of  illustra- 
tive experiments,  for  it  will  readily  occur  t^  him  that  it  is  by 
chedtiag  the  rapid  progress  of  the  fluid  by  means  of  imper- 
fect couauctor85  that  we  are  enabled  to  inflame  combustible 
substances,  to  fuse  wires,  &o. 

"Again,  in  the  ecmrse  of  the  narves,  there  are  a  number  of 
knots,  turned  gangUons.  These,  probably,  serve  to  accumu- 
late a  quantity  of  the  electric  fluid,  so  that  from  its  passage 
from  these  reservoirs  along  nervous  fibres  of  extreme  minute- 
ness, an  increase  of  temperature  will  result.  Dr.  Munro's 
opini(Hi  of  the  use  of  these  ganglions  favours  this  idea.  He 
8iq)posea  them  to  be  ^  new  sources  of  nervous  energy.' 

**  Since,  then,  during  every  moment  of  our  lives,  by  means  of 
the  ^various  electro-physiological  processes  continually  going 
on,  tiiere  is  a  new  su^ly  of  electricity,  the  question  naturally 
occurs, — ^is  th^re  a  regulftr  circulation  of  electric  fluid  through 
the  mhole  nervous  system,  as  well  as  a  circulation  of  the  blood 
through  its  ^per  channels?  Having  shewn,  in  a  former 
<{hapter^  the  extreme  sensibility  of  the  nerves  to  the  action  of 
eleotiricity  during  peculiar  electrical  states  of  the  atmosphere, 
how  much  moire>powerlully  must  they  be  aflected  when  exposed 
tothemoredirect  influence  of  that  fluid?  This  leads  us  to 
the  consideration  of  a  subject  of  the  highest  importance,  that 
of  the' nervous  prifieiple/  as  some  authors  have  termed  that 
intermediate  something  between  the  body  and  the  soul,  by 
meansofjv^hich  the  mind  acts  upon  the  material  part  of  our 
frame,  giving  rise  to  the  phenomena  of  thought  and  percep- 
tion, and  imparting  motion  to  those  muscles  which  are  under 
the  control  of  the  will.  But  let  us  not  approach  such  a  subject 
with  a  mwd  disposed  to  speculate,  or  imagine;  for  if  there  is 
one  species  of  inquiry  throughout  the  wide-extended  field  of 
|diiiloso{diy,  in  winch,  more  than  in  another,  the  imagination 
IS  apt  to  assert  its  independence  of  the  control  of  the  judgment, 
it  is,  perhaps,  in  that  upon  which  we  now  presume  to  enter. 

"Let  us,  then,  for  a  moment,  turn  our  attention  to  the  results 
of  the  researches  of  the  celebrated  Magendie,  and  then  pro- 
ceed to  apply  them  to  the  foregoing  theory,  and  to  that  u&der 
the  head  of  ^  Animal  Heat.'  He  states,  then,  that  the  origin 
of  motion  and  that  of  sensation  are  totally  distinct,  although 
their  connexion,  in  the  healthy  state,  is  so  very  intimate  that 
the  two  phenomena  seem  one  and  the  same.     In  his  memoir. 
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JK  iu Parisy  ontbe  22d 
bonae  in  miiKi  tliat  all 
;he^ixkttl  marrow;  that 
bl^  ^KHii0;  taking  their 
\er8,  on  the  >cDiitrary, 
v\N(Xw^vi8Miot  this  pre- 
v^s^  tE^i  !iKiotild  vbe  ^  belit 
iiNAUcula^oii  ai  abo«^ 
Ids  Magendie,  *  fully 
demonstrated  that  t^^^aaVimutow  is^  as^i^merel  fofrmed  of 
two  distinct  cords  in  ju^tfiposiitiQn>  the  oxiie'of  whteh  19  widowed 
with  exquisite  sensibility,  whilst  the  other,  almost  completely 
uncollected  1  wUh  :this  property,  seems  to  be  ireiervfed  for 
mopion^  ,#ajd  tb^^t^  this,  separation  exists  through  the  whole 
exte;at  of  thfl  ppinal  »(Cofcdi'_  Such  being  the  fact,  it  is  highly 
probable  t^he^t  jbheiie'-is  an  ascending  current  of  the  electric 
flujd,,  a^ong.^pie  p^rtieniof. the; card,  to  the  brain,  aflRscting  the 
org^Q^.of  ^eosatiop,t:aa(i  avdeseending  current  tlm)ugh  the 
ot^r  half,,  jnflueAting  ^he>  organs  of  motion;  or,  perhaps, 
that  thereis.aneg»tiyfdawiposi4ive  portion  of  the  -cord,  the 
forn(iier  cQnstitutingitlaBeia^nt  of  sensation/ the  latter  that  of 
motion.  Magendie  Jbionselif  suggests  th6fblk)iwiiig  fact  as  an 
additional  argument  in  favour  of  the  electrical  hypothesis,  viz. 
that,  '  it  is  at  the,  s^i^acepi  t)iA  ^i^apfi  th$Ur  \X^  prqp^ties,  as 
far  as  regards  mbtioh  and  sensioility,  are  the  better  unfolded.' 
This  fact  i|i  worthj 
only  along  the  sut) 

also  found  l^t'  so :  , 

parts  being  more  s 
the  cenijf^  part  of 
stimulating  it, '  fto  i 
it  is  probable  that 
with  regard  to  tn<A. 
and  tl^e  act  of  ^o 
(if  efiort  it  may^b^ 
same  iaista^t,  cau^ 

which  the  fluidjiit  \, 

transmitted  tcr  thfe 
arc  xli^uiv^  id  be  -  „ 
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^  poptdar  Treatise  on  Foltaic  Electricity  arid  Electro* 
magnetism  f  illustrated  by  numerous  interesting  Experi- 
ments^ with  the  mode  of  performing  the  same.  By  O. 
H.  Bachhoffner,  Esq.  author  of  "  Chemistry  as  applied 
to  thejme^  Aris,^^  "  The  Medico-chemical  Compenaiumy^* 
8fc.  4rc,  'dnd  Lecturer  on  Chemistry  to  the  Artists* 
Society.  Simpkin  &  Marshall.  And  E.  Palmer,  CAc- 
mioal  mid  Pkil,  Instrument  Maker y  103,  Newgate  St. 

To  couvey  an  idea  of  the  character  of  this  work,  we  perhaps 
cannot  do  betteirithan  give  the  author's  preface. 

"  The  author  of  the  following  pages,  in  presenting  them 
to  the  public,  begs  leave  distinctly  to  state,  that  his  chief  ob- 
ject has  been  to  arrange,  for  the  guidance  of  those  unac- 
quainted with  the  subject,  a  series  of  interesting  experiments: 
together  with  such  practical  information  as  the  limits  of  the 
work  would  permit.  He  therefore  wishes  it  to  be  understood^ 
that  he  does  pot  aim  at  any  originality  in  the  subject  matter 
of  the  work,  but  that  it  is  merely  intended  as  a  popular  trea- 
tise— designed  chiefly  for  the  use  of  amateurs."  A  litho- 
graphic pl^te  of  apparatus  attends  the  work. 

XXX.    MISCELLANEOUS    ARTICLES. 


On  the  Aurora  Boredlis  of  July  \st.  1837.* 

I.  ObiServations  made  at  Rochester,  by  Professor  C. 
Dewey. 

On  the  evening  of  July  1st.  the,  aurora  borealis  was  very 
splendid:  indeed  it  far  exceeded  the  spendour  of  that  of  the 
25th  of  January  last,  as  it  appeared  in  this  part  of  the  State* 
The  day  had  been  pleasant  and  warm.  About  two  p.  m.  the 
tempterature  was  86*,  and  a  shower  was  collecting  rapidly  in 
the  northwest,  which  in  the  next  hour  and  a  hdf  had  been 
blown  over  us  and  dissipated  with  little  rain.  The  temperature 
changed,  and  the  sun  shone  forth  in  all  his  glory.  The  re- 
mainder of  the  afternoon  Wia^  delightful.  Ine  evening  was 
cool,  the  temperature  being  about  58*.  Soon  as  the  twilight 
had  ceased,  the  aurora  was  seen  in  short  flocculent  cloud-hke 
forms  all  across  the  northern  sky.  Soon  it  extended  quite 
round  to  the  east  and  west  points,  at  both  of  which  broad  and 
bright  arches  arose  and  extended  more  thanhalf  way  to  the 
zenith,  while  a  multitude  of  streamers  rose  all  round  the 

+  From  Siliiman's  American  Philosophical  Journal,  for  October 
1837. 
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novthera  sky  towards  the  sam^  point.  About  half-past  nine 
the  broad  belt  of  brilliant  white  aurora,  rising  from  both  sides 
of  the  tsast  pointy  shot  tdwcuods  the  zenith^  near  which  it  was 
met  by  a  coi^espondin^.  but  Ies8>  briilianil  zone  of  light  from 
the  west*  '  The :.gdnbiQl<i8ppe«:«dice  eentimied  very  brilliant 
till  ten  ihinutes  afber  teii>  whrni  the  |k)int  ft  little  tSQuth  and 
eaet  of  the  KehitH  cuid  taowards  fwhieh  all  the  streamers  and 
jMllddrs  w«re*dirftcited^'  beoaan^  m  •bmght'rdaeir^  cmd  soon  ^nt 
off  brilliant  conuscations:  in  ehrery  dircoticm  but^the  south, 
with  distinct  flashes  of  white  light  mudi  resemUing  that 
which  is  coitimonly  c^iOedsheet^lightning.  This  soon  ceased^ 
and  the  white  amrora  again  appeared  as  before.  Near  half«- 
after  tena  dark  bixmn  aurora  arose  in  the  northwest,  and 
extended  upwards  j'  soon  after  appeared  on  all  sides  the  rose- 
red  or  deep  crimson,  risii^to  the  vertex  near  to  the  star  Zeta, 
in  the  constellation  Hercules^  nearly  in  a  right  line  between 
Alpheu6  in  the  Northern  Crown  and  Lyra.  The  whole  ex- 
panse except  the  south  was  most  splendid.  Soon  the  flashing 
from  all  sides  towatds  the  vertex  mentioned,  was  renewed 
with  great  power.  Gfeat  and  constant  changes  in  the  colour 
were  occurring.  Tli«  white  beams  and  streamers  intermingled 
with  the  red,  addled  to  the  splendour  of  the  scene;  at  length 
the  brilliant  fladhfeigand  waving  of  the  aurora  ceased.  ITie 
vertex  became  clear  of  it,  except  as  it  flashed  up  in  long  and 
broad  waves,  ahd  showed  in  serpentine  forms  for  an  instant 
and  then  ^sappeated.'  Soon,  however^  the  whole*  deene  was 
repeated.  The  vertex  retained  its  place,  as  the  consfelHition 
moved  westward,  and  was  now  near  Mu,  in  Hercules,  and  all 
the  splendid  light,  bettm^,  pillara>  arrows>  waving  and  flashing, 
were,  if  |>ossible,  more  splendid  than  before.  This  was  at 
eleven  b^clock.  Thecoloitrs  were  constantly  changing  their 
hues,  from  all  the  northern,  eastern,  and  westcm  parts,  the 
flashing  light  rose  ta  the  vertex,  and  seemed  to  shoot  back  again 
as  it  came.  Often  the  light  would  flash  tibz^oogh  thirty  or 
forty  degrees,  disappear  within  twenty  degrees  of  the  vertex, 
and  reappear  flashing  as  before,  for  the  last  ten  degrees^  as  if 
it  passed  fdr  teh  degrees  behind  soime  opake  substance;  The 
sky  was  doudlei^  for  thei  whole  i;ime.  At  a  quarter  after 
eleven  the  red  light  disa|)peaired^  while  long,  aarrow  form^ 
splendid  streamers,  continued  to  play  for  some  time  till  they 
gradually  sUbiSided!  ttnd  inly  a  luminous  sky  remained  .for 
most  of  th^ ni^ht.  Onthfe  next  evening,  thieire was  a  slight 
aurora.'  'Whatever  of  beauty^  si^eQcfonl^  or  gran^uTj  others 
may  have  seen  ki'  tM!s  phenomenon,  no  aturora  has  come  un- 
der my  obd^rvati<m  dP  eqitali%ril}ianee»iid  varietyl 
Rochester,  July,  1-887.    • 
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II.     Obserrationsf  made  at  New  HifiVKN-and  ELSEWRStes* 

This  very  brilliaist  ^display  of-  noT<fh)Bii<  ^Ughts  "wes  Witnessed 
as  far  south  as  Ooltottbiisi,' G«b  <la*;  about  38'  35'  N,  long* 
85'  11'  W.)  It'wa^eeen  t4»CTe»fiir«lbontihalf'  4i  hour,  coffA* 
inenoiog«t'9^»  30°^  Many  -Btafearows  of^a  red  orfour  were 
observed,  but  *belr  altitude  ikt. act  stated  We  have  also 
observations  of  the  phenomenon  -fiawi  >Cl0vclwwl,  Ohio;  Fay^ 
etteville,  N.  G.  and  rarious  places  in  Virginia)  whioh^  so  far 
as  they  g6>sutetafcitiallyM^[reef  with  theme  made  here.  At 
Richmc^'thedisphiy  between  two'aiid  thiree  A*M*  of  the 
next  morhingy  was  distinctly  noticed  bya£dend  who  happened 
to  be  there :  but  the  printed  statements  make  no  ttiention  of  it. 
The  observations  below  given,  were  made  by  seveand  persons  of 
this  place^  andiare  in  the  main- the  same  as  were  published  in 
the  New  Haven  Daily  Hegrald  of  July  6,  1837. 

E.C.  H. 

An  auroral  display  of  unusual  variety  and  splendour  waa 
witoessed  in  this  dty.on  the  nigl^.  of  Saturday  last^  the  1st  of 
July.;  The  day  wias  osm  of  the: wfiime^t  nrfi  the  season;  at  2 
p.  M.,  therm.  84'  Fah. ;  wi»d  S*  W..  tTo?taixis  the  latt^  part 
of  the  aft^mooO)  dark  .^ouds.  arose  in  tbe^  aa^Uiwest  and  gave 
a  promise  of  a  thunder  stonu^  hut  abotM;  an  .hour  before  sun- 
set they  passed  off  l}o  the  northeast  wUhcait.muoh  rain.  At 
6  p.  M.  therm*  78%  baBtm*.  .29*67  iacheB,  wind  light  and  from 
N.N.W.  ; 

At  9**-  2&^- jUat  before  the  departure  of  twiKgbt^  tie  northern 
sky  was  observed  to  be  fainily  illuminated  firom  W.  N.  W.  to 
N.  N.  E.  but  mudi  obscured  by  clouds.  It  sopn  became 
clear.  At  9*^  38™-,  streamers  b^^s^  to  form  in  the  north, 
and  soon  after  in  N.  E.  aiulN.  W.,  gradually  becoming  more 
frequentand  increasing  in  brillia»cy*  AtlO**-  30"-  the  action 
was  more  eneir^tic,  aoid  the;  scene  eminently^  animated  and 
beautiful.  From  E.,  N.,  and  W.,  and^.aU  pointa  between, 
skeamers  shot  up- from  near  the  hofizon  in  quick  succession, 
with  wonderful  oelimty,^  and  passed  beyondi  the  ajenith,  while 
others  starting  firom  autaltitlitideof  aboutf30''  in  the  south,  met 
the  former  m  Ihe'fCiorona  ^^iheiRoi^fateUajtion  Ophiuebus. 
Auroral  waves  isooaappi^ed^  fla&bing  upwards  with  great 
nqpidity  across,  the  stceameis  aiad  rpUii^.'Up  in  wisps  and 
sheets  around  the  cQuonal  point-  Thei«ilouy  <rf  the  streamers 
and'  waves  was*  mos%  a.phosphoric  white,  but  a,bant  10^-  40°*- 
for  a  short  time  a  iinerose  red  predominated. 

At  11^  10"-  the  display  wias  on.  the  decline.  By  midnight 
it  became  quite  faint,  and  the  heavens  were^tt  the^tioae  ipnch 
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obscured  Ipy  ^lau43«  fAI[>0ut  tlisbs*  period  the  light  was  mostly 
confined  to  the  eastern  horizon,  where  among  the  clouds  were 
J  )oet  1***  A.  M. 

8  ^eeedinglf 
(  iflht. 

Ipr«0iinted  a 
1  1=  .lAt)2t»*'  10«- 

I  l/Jwfilth»'V^rtex 

i  ho^ii^Hi^  Ibe. 

j  Aal4&((ra^ur. 

rid'j^eBowish 
wl^ite.  <  JBop^^  of.i^Q^i^<eaoi^rs,  hDwevdr^KKeqimomily^tak'ted 
frpm  ^n^  in  th^  (^ki9paca  bdbw  the  tanchL  >  About  ^'30"^ 
the.  disgp^y  ^5^i,M  its  w*inHk<n.  From  W.  NiiWiitoB.  the 
^y  V^j  6H^ ,  ^ith  ^^wajey s^  passing  oter lii^ads^  aial  iferming 
a  coTpoa  xji,  t^  cipipist^la^iQaCygmiusii  1  A!bcfR^^'ihi»^'4ki\itsinH 
or  str^jamers^j^Vj^ptiMp^a^iiiraTOense^  ^urbrali  ferai?>e»^'  ^iieariy 
unbrol^en  iirpe^  tb^ylvm^O)!  to  >the  -magHetid  ^equfrfbc;  ^  ^TH^se 
column%];€;ip?iiQi$4  in  tiPdbatiad  spleBd4)iurT£Dr)(fi(£tee&  mitkutes^ 
and-  wei;^  j viwWe ,  ui^l  alboUfc.  3.  At  2*f  3»»i  ^the-  iai^  ^w^s 
^tii^ct^wd,/tlip  9f((^6filmfir8  twere  bectedBgifshttrterf  wnd'^lftss 

about  the  norths  ^q4  Wiei^e  ^iaiible  imtal^avtckmiwrad^  li^  thio 
superior  ligUit.  of  ik%  rfidY<m^Eig  '^iHk  ^  i  ilifaeyttwen^^dwitsfifdtly 
observed  as  Jat^  as  3***  30"-  or  about  an  hour  after  daybreak. 

Many  observations  on  the  position  of  the  corona  were  made 
during  the  night;  those  which  are  the  most  trustworthy  are 
thtefoU<wiKig,vizkJ-^i  •        ^  ''  ^^^'^^ 

2^  31"- centre  of  corona,  altV3^5\^5^  azioir  ^.  4*  ?7'  jE- 
39      .        .        -      ;  .     T4    55    .'         -  3    10 

'■■42'    -i-       '.         1  •   ''i'-'74*    40'."\-  \y^5.^^Qf"\\ 

he  dir«ctv)^,of|  4)3^, 
Vie  alWancefortb^i 
pcc^iijmed^^a^d  &an 

.point.  -f 

^ed,  Betwpe^lO^ 
^l,  thefl,9rth.wd|<£ 
ositipQiii.t  jtb^fi  plap% 
oiijiiightj,  thfe  rw«^. 
t>Q  ]^eedJ«  WW.  ngit 

If  frqim  l|l.,VVCj.as4 
/bWgat7^^-Th,e 

r;.4.,  M,X2«a.m#tO 
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it  stood  9t2Qm^  a*iJ6l^^at^?8^  t'Pifermottiefee!^  ui  2?^  30«- 
TV  at  6ft'  6^-.    U''nv.i  '  \  >.: "  ..lovn-i  n-^r,,-,  ,    . 

It  is  WGrlb^r  ^f  noOide^  tbat^  da^hlii  (ydt«<i^ibA'  thei^  %ete  titra 
weUtfiOtAEkod  udi£dthilet'«telMWs^b/<'^f!^^  or  fiU 

of  ifjmximi/^\iaMiiskyy  libuts.    It 

^ill))>Bifeaix^  Qiio^ii^usssiVL'f^ivtfi^x  '^it  tfaii»  is 

a  oom^oi^  featooeiof 'aiil-igprat«4ati^^^^i^l^^t^UkI%rill^^ 
and  tbati  «2>e.fiB3i>  ii|kioccilw/\«^lQtiiabdte!$'^  Iidiiiip  Afte^  the  end 
of  itwiljghti  >  FdtiireH)ti8eiivrat(io&yt»)liti((u^diiritig  the  entire 
mgh^4  Bi\iM;(>detkrBaihe'(the  nmiib^i^  «f < ittii^sef  s^ftsdai^'  aiid  the 
ii^«(ffviil<befween  thtai<  •  ^^   '        '    "'       ''^'    "' 

Tto^ijitowra^^ppeaa-ed  oiv  the  Btightdf  StttiddjV  fhfe  2nd  in*t., 
and  was  ob^^^edi  until  V*  30^  of-tbe^S^  irirt.'  '  liirtsA  not 
very  c0nspi^our&.  AtO**-  30"- tberfe^tj^atfed'a^lb^dimatch, 
with  ¥ettt&  abboisSO''  hi^;  sendiDf  4<{A^  ot;basion:£tI  streamers 
to  analtitudeinqt  exceeding  30%'8rfU:^'wbkjh  no  special  diange 
was  natiead^  The  day  was  clearandfiw*:  Jtbfetttl'.'ar2i».  k.  T8\ 

,  ^Qn»  Monday  (ttight,  8d  inst,  thfe  ttuifWa'was  again  sfeen.  It 
was  •  l^iw)  c<Mtisipicu€ius  than  on'  the  ^8tid. '  The  evening  was 
showery,* bnti at Q**- 45"- the  clouds  t^egfeite  to' dispersre.  The 
]M>i^th>  'was^iiUiiHiinated  irith  a 'faintijgbit;  nbrv^'  and  then 
adonaediwith'aaoiitaflry  streamer.  ObBei:vati6na( we^e  continaed' 
uotil  n^abflBdnisfat,  btvtao  in(»*ease  was  seen. 

i  iTjheth^uTSf  anavnddutes  dbore  giveii  '^re^  of  dppdif^t  lime! 

-..,,, i/r.ivMi.  •  •••'•      .  '  A'. c':c';'e;j .;: 

Notice  of  an  Aurora  Borealis,  seen  at  Bwriingtwn^  V.  S.- 
by  Jai^es  Dean. 

On  tte  ^tli  July,  1837,  ja  luminous  arch  appeared,  com- 
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Gamma  Pagasi,  and  in  twelve  or  fifteen  minutes  moving  over 
Alpha  Pagasi,  where  it  vanished :  in  the  west  below  Arcturus 
it  sloped  off  to  the  northwest^  making  an  angle  of  45*  or  50" 
with  the  horizon.  The  western  part  disajqieered  about  10**  L5°* , 
by  spreading,  l^^rnorthtoi  ^li^twas  'brighter  and  more 
active  thali  befere^  bfttttod  m^igolaa  «nd  unsteady  to  admit  a 
hopeof  r60Ogtlitk^bj^o£heri£    -  u       */ 

Within  ten  years  I  have  'secn\foqr>€iimilai!>phenomena,  and 
muck  to  my  disappointment  tfa»y  all  Evince  a-dtuMx^m  aversion 
to  respecting  the  ma^gnetic  ilieridtan.  "Bariington  is  ii|  lat. 
44*  28' N.  long.  73"  15' W. 

SiUiman^4  Jowmal. 


DAvfeNi^ORT^^  EUctrO'Magmtie  Machine. 

Since  the  notice  of  this  invention  in  the  April  number  of 
this  Journal,*  the  proprietors  have  been  engaged  in  experi- 
ments on  magnets  of  different  modifications,  as  well  as  on  the 
proper  distance  between  the  magnetic  poles  of  the  circle. 
The  form  andarmagclme^t^of  the  i»agMitshay^;b^.  entirely 
altered  and  ihe.enetcgy  of  the  machinal  gn^^ly^i^ore^ftfled. 
The  proprietofrahaveidiACQatiiiued  the  i^  pfrpi^g^pt^iof  the 
form  of  segments  of  aioii^ea^ndnow  u9i9«lbeD[i>ii^]9Q7pQthing 
like  the  horse-shoe  form.,  <;hanging  the  .pde?;  qnc^via  every 
3J  inches  of  the  circle.  On  this  arrangewent^  a .  n^^chin^ 
with  a  wheel  seven  inches  in  diameter  (b€ikig.,but  a  trifle 
larger  thaa  the  one  ,  formerly  d«s<:rifced  in  •this  jo»mal) 
elevates  ninety  pounds  one  foQfe.p^i.ipwttte,  and  will  perform 
about  twelve  hundred  revolutions  m  tl^,^pae  fliroe. 

A  machine  has  also  been  constructed  wjitK,  a  joiotive  wheel 
one  foot  diameter^  which  moves  with  great  ej^^gy,  but  its 
power  has  not  be^  tested  by  the  elevation  of  weights.-  One 
of  the  machines,  with  a  motive  wh^el  only  SQven  inches  in 
diameter,  has  been  attached  to  a  turning  lathe,  and  inqves,  it 
with  astonishing  strength,  o<»npared  wjith  the  s^all  size  of 
tbepropelling  engine.  ^^ . 

The  experiments  and  inaprovements  hith^to  w^^  serve  to 
strengthen  the  herpes  at  fcst  entertained  in  regard  to  the 
value  and  importance  of.  this  inv^ention. 

*  Thi&  number  of  Silliman's  American  Journal  has  not  yet  come 
to  han4>  and  on  that  account  we  have  not  given  our  readers  a 
description  of  this  celebrated  machine.  We  are  well  aware  that 
much  has  been  said  about  it  in  this  country,  and  many  erroneous 
notions  have  been  formed  respecting  its  structure  and^power.  We 
shall  give  a  full  description  of  it  in  our  next  number.     Enrr^ 
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The  proprietors  are  now  engaged  in  oonstTuoting  a 
machine  with  a  motive  wheel  of  abotdr  2^  foet  in  diameter, 
from  which  they  expect  to.  obtain  sufficient  power  to  propel  a 
Napier  pidntixig'prMfrat^   •  i  .  *, -n  ,n.,  ,     .»    ..,,  , 

For  the  pir^8eio£irsi8ii^lfundiit<»>icaari^  on  experiment?^ 
&c.»  a  iointJ»loK&iafiiDisatidn^Jba«jbedntiib^  iit  New  York, 
of  which  Mr.  Edwin  Williams,  NthfW6,  C^dar  Street,  is  agentL 
By  this  arrangQmehfcifehe'pijtoe^  iiite(r^stS(o£  tlibo  patent  for 
the  Umted  Stattes  «id  Euix^^  being  placed  in  a  stock  <^ 
3,000 sfaaies,  thfeptoprietors  oJSTer  an  opportmiity  to  public 
spirited  individuals  to  become  associated  with  them  in  the 
enterprise^  which  it  is  hoped,  for  the  benefit  of  mankind,  may 
prove  successful.  A  sufficient  number  of  shares,  we  learn, 
have  been  already  taken  to  provide  ample  funds  for  experi- 
ments on  a  large  scale, ,  and  the  public  with  interest  wait  the 
result. 

"■'  SilHman^s  Journal. 


..  4  Pamphlet  on  EUetro^Mg^^etism, 
A  patophlet  of  ninety-four  pages  has^  been  published  in 
Neir  ¥otk3:  containing  a  history "of  Davenpdrt^iinvention; 
notkes  of  ;it^fVom  periodical  pablieations^  and  a  summary  of 
oi^rktibwl^dge  up^>  the  subjects -of  ■  el^tricity,  galvanism, 
eIe(^tro^4nagtietlsiD>4&o.,  by  Mrs.  ScHnertfiUew  If  the  amtioi- 
patioti^of  soffl^^  the  joumatibts  ap|>ear  esttra^agaat;  the 
sUi^mary  of  M)^.  Somerville,  replete  as  it  is^  irith  the  moot 
infiereating'iind  astonishing  facts,  may  well  account  for  the 
strength  of  im]^essioti  pr^uced  on  the  >minds^of  observers  by 
the  inexplicable  AKfveihent  of  a  maehinej  whirling  round  with 
vaist  rapidity,'  While  there  is  no  obvious  cause;  and  tike  real 
ca,u^e;  wheft  poiilted^ut.  appears  so  inadequate  to  the  effect. 

We  rather  regret  that  this  Interesting  atmliecUioii  of  elec- 
tro-tiifignetism  is  attempted  to  be 'Sustadtiea  by  the  appeal  i  of 
the  hope  of  immediate  profit.*  Sarely  there  are  not  wantulg 
meni  atld  we  trust  they  ate'iminerotiSy  who  will^sheerfially  pay, 
and,  if  necessary,  cheerfully  lose,  the  *  compaaratiJvely  sm^ 
suttis;  whose  cwiSidelrable' aggregate  will  carry  forward  this 
interesting  i^search,  until  the  ratio  ^«id  the  extent  of  its 
power  are  ascertained ;  and,  if  4t  ihould  pc^ovq  that  the  limit 
is  far  beyond  the  demands  of  practical  application,  so  much 
the  tetter:  but  neJth'er  the  ratio  nor  the  extent  ean  be  learned 
without  persevering^  experiments,  the  expense  of  mating 
which,  and  of  sustaming  all  who  are  concerned  in  making 
diem,  will  be,  we  trusty  cheerfully  borne  by  the  public. 

^iltiman^s  Journal. 
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Cold  produced  by  liquid  carbonic  acid  in  its  transition  from 
the  liquid  to  the  gaseous  state. 

When  a  jet  of  the  liquid  acid  is  directed  upon  the  bulb  of 
an  alcoholic  thermometer,  it  rapidly  sinks  to  — ^90°  Cent. 
But  the  frigorific  effects  do  not  respond  to  this  abasement  of 
temperature,  a  fact  which  is  explained  by  the  almost  absolute 
wani  of  conducting  power  of  the  gases  and  their  low  capacity 
for  heat ;  hence  the  inte^isity  or  tension  of  cold  is  enormous, 
but  the  sphere  of  activity  is  limited  in  some  sort  to  the  point 
of  contact.  The  congelation  of  the  mercury  is  confined  to 
small  portions  of  it,  and  if  a  finger  is  exposed  to  a  jet  of  the 
liquid  a  sensation  of  burning  is  indeed  forcibly  felt,  but  the 
effect  is  chiefly  confined  to  the  epidermis. 

If  gases  have  little  effect  in  the  production  of  cold,  it  is 
not  so  with  vapours,  whose  conductibility  and  capacity  fdr 
heat  are  much  greater.  I  have  therefore  thought  that  if  a 
permanent  liquid — ether,  for  example — could  be  placed  under 
the  same  condition  of  expansibility  as  liquefied  gases,  we 
might  obtain  a  frigorific  effect  much  greater  than  that  pro- 
cured by  liquefied  carbonic  acid.  To  accomplish  this,  ether 
must  be  rendered  explosible,  and  this  I  have  easily  effected 
by  mixing  it  with  liquid  carbonic  acid.  In  this  intimate  com- 
bination of  the  two  liquids,  which  dissolve  each  other  in  all 
proportions,  ether  ceases  to  be  a  permanent  liquid  under  at- 
mospheric pressure;  it  becomes  expansible  like  a  liquefied 
gas,  still  preserving  its  properties  as  a  vapour —viz.  its  con- 
ductibility and  capacity  for  caloric. 

The  effects  produced  by  a  blowpipe  fed  by  explosible  ether 
are  remarkable :  a  few  seconds  are  sufficient  to  congeal  fifty 
grammes  of  mercury  in  a  glass  capsule.  If  we  expose  a  finger 
to  the  jet  which  escapes  from  this  veritable  blowpipe  of  frost, 
the  sensation  is  quite  intolerable,  and  seems  to  extend  much 
farther  from  the  point  of  contact  than  with  the  liquid  jet. 

I  propose  to  replace  ether  by  carburet  of  sulphut,  which 
will  in  all  probability  produce  still  more  striking  effects.— 
(Annales  des  Chim.  Decem.) 

Silliman^s  JoumaL 
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XXXI.  Of  the  Reaction  of  the  Essential  Oils  with  Sul- 
phurotis  Acid,  as  evolved  in  union  with  Ether  in  the  pro- 
cess of  Etherification,  or  otherwise.  By  R.  Hare^  M.  D. 
Professor  of  Chemistry  in  the  University  of  Penn- 
sylvania, 

Having  mixed  and  subjected  to  distillation  two  ounces  of 
oil  of  turpentine^  four  ounces  of  alcohol  and  eight  ounces  of 
sulphuric  acid,  a  yellow  liquid  came  over,  having  all  the 
appearance  of  that  which  is  obtained  in  the  process  for 
making  oil  of  wine,  described  in  the  preceding  article.*  On 
removing,  by  means  of  ammonia,  the  sulphurous  acid  existing 
in  the  liquid,  and  driving  off  the  ether  by  heat,  a  liquid  re- 
mained, which  differed  from  oil  of  turpentine  in  taste  and 
smell,  although  a  resemblance  might  still  be  traced.  This 
liquid  was  without  any  sensible  action  on  potassium,  which 
continued  bright  in  it  for  many  weeks.  It  proved,  on  ex- 
amination, to  contain  a  small  quantity  of  sulphuric  acid.  I 
ascertained,  afterwards,  that  in  order  to  produce  these  results, 
it  was  sufficient  to  pour  oil  of  turpentine  on  the  mass  which 
remains  after  the  termination  of  the  ordinary  operation  for 
obtaining  ether,  and  apply  heat.  Subsequently  it  was  ob- 
served that  when  the  sulphurous  ether  was  removed  by  heat 
or  evaporation,  without  the  use  of  the  ammonia,  the  pro- 
portion of  sulphuric  acid  in  the  remaining  oil  was  much 
greater. 

By  subjecting  to  the  same  process  several  essential  oils,  I 
succeeded  in  obtaining  as  many  liquids  to  which  the  above 
remarks  were  equally  applicable.  With  some  of  the  oils, 
however,  similar  results  were,  by  this  method,  either  totally 
or  partiaUy  unattainable,  in  consequence  of  their  reaction  with 
the  sulphuric  acid  being  so  energetic  as  to  cause  their  decom- 

♦  See  Article  XIV.,  p.  103,  last  number. 

Vol.  II.— Ab.  9,  March,  1838.  L 
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position  before  any  distillation  could  take  place.  No  product 
can  be  obtained  by  distillation  with  sulphuric  acid  and  alco- 
hol from  the  oil  of  cinnamon  obtained  from  cassia.  From  the 
oils  of  sassafras  and  cloves,  but  little  can  be  procured. 

However,  in  one  instance,  by  previously  mixing  the  oil  of 
sassafras  with  the  alcohol,  in  the  manner  described  in  the 
account  given  of  the  first  experiment  with  the  oil  of  tur- 
pentine, I  succeeded  in  obtaining,  in  addition  to  a  small  quan- 
tity of  the  heavy  liquid  containing  sulphuric  acid,  a  minute 
quantity  of  a  lighter  one,  devoid  of  that  acid,  which  burned 
without  smoke,  was  insoluble  in  water,  and  very  fluid.  1  am 
disposed  to  consider  the  liquid  thus  procured  as  a  hydrate  of 
sassafras  oil,  or  sassafreine,  as  I  would  call  it,  being  analogous 
to  hydric  ether. 

The  oil  of  sassafras,  whether  isolated  or  in  combination, 
possesses  a  remarkable  property,  which,  I  believe,  has  not 
attracted  sufficient  observation  :  I  mean  that  of  producing  an 
intense  crimson  colour,  when  added,  even  in  a  very  minute 
quantity,  to  concentrated  sidphuric  acid. 

One  drop  of  oil  of  sassafras  imparted  a  striking  colour  to 
forty-eight  ounce  measures  of  sulphuric  acid,  and  appeared 
perceptible  when  it  formed  less  than  a  five  millionth  part. 
This  property  was  completely  retained  by  the  lighter  liquid 
above  described  as  procured  from  oil  of  sassafras. 

I  subsequently  observed,  that  when  sulphurous  acid, 
whether  in  the  form  of  sulphurous  ether,  in  that  of  a  gas,  oir 
when  in  union  with  water,  was  brought  into  contact  with  any 
of  the  essential  oils  (including  kreosote),  which  were  subjected 
to  the  experiment,  they  acquired  a  yellow  colour,  and  a 
strong  smell  of  this  acid. 

In  the  case  of  the  yellow  compound  thus  obtained  from  any 
of  the  essential  oils  which  I  have  tried,  if  the  sulphurous 
acid  be  removed  by  heat,  the  oil,  by  analysis,  will  be  found 
to  yield  sulphuric  acid.  That  some  acid  of  sulphur  remains 
in  union  must  be  evident,  since  washing  with  ammonia  will 
not  entirely  remove  the  power  of  yielding  sulphuric  acid ;  and 
the  total  absence  of  the  sulphurous  smell  demonstrates  that 
the  sulphurous  acid  either  enters  into  an  intimate  combination 
with  the  oil,  or  acquires  oxygen  sufficient  to  conviert  it  into 
sulphuric  or  hyposulphuric  acid. 

Those  essential  oils  which  contain  oxygen,  are  most  aflFect- 
ed  by  the  action  of  sulphuric  acid. 

Both  the  oils  of  cloves  and  cinnamon,  after  admixture  with 
sulphurous  ether  and  subsequent  distillation,  gave,  on  analy- 
sis, precipitates  of  sulphate  of  barytes.  In  the  case  of  cloves, 
the  precipitate  amounted  to  one-seventh  of  the  whole  weight. 
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By  distilling  camphor  with  alcohol  and  sulphuric  acid^  I 
obtained  a  yellow  liquid,  which,  by  washing  with  ammonia 
and  evaporation,  in  order  to  get  rid  of  the  sulphurous  ether, 
yielded  an  oil.  The  oil,  by  standing,  separated  into  two  por- 
tions, one  solid,  the  other  liquid.  The  solid  portion  resem- 
bled camphor  somewhat,  in  smell,  but  diflFered  fix)m  it  by 
melting  at  a  much  lower  temperature,  becoming  completely 
fluid  at  175' 

I  found  that  the  essential  oils  of  cinnamon  and  cloves 
possessed  an  antiseptic  power,  quite  equal  to  that  of  kreosote, 
and  that  their  aqueous  solutions,  when  sulphated,  were  even 
superior  to  similar  solutions  of  that  agent. 

One  part  of  milk  mingled  with  four  parts  of  a  saturated 
aqueous  solution  of  the  sulphated  oil  of  cloves,  remained  after 
five  days  sweet  and  liquid,  while  another  portion  of  the  same 
milk  became  curdled  and  sour  within  twenty-four  hours. 
Having  on  the  2d  day  of  July  added  two  drops  of  oil  of  cin- 
namon to  an  ounce  measure  of  fresh  milk,  it  remained  liquid 
on  the  11th;  and,  though  it  finally  coagulated,  it  continued 
free  from  bad  taste  or  smell  till  September,  although  other 
portions  of  the  same  milk  had  become  putrid.  A  half  ounce 
of  milk,  to  which  a  drop  of  sulphurous  oil  of  turpentine  had 
been  added,  remained  free  from  coagulation  at  the  end  of  two 
days,  while  another  portion,  containing  five  dropa  of  pure  oil 
of  turpentine,  became  curdled  and  sour  on  the  next  day, 

A  number  c^  pieces  of  meat  were  exposed  in  small  wine 
glasses,  with  water  impregnated  with  solutions  of  the  various 
essential  oils.  Their  antiseptic  power  seemed  to  be  in  the 
ratio  of  their  acridity.  The  milder  oils  seemed  to  have  com- 
paratively little  antiseptic  power,  unless  associated  with  the 
sulphurous  acid,  which  has  long  been  known  as  an  antiseptic 

In  cutaneous  diseases,  and,  perhaps,  in  the  case  of  some 
ulcers,  the  employment  of  the  sulphurous  sulphated  oils  may 
be  advantageous. 

A  respectable  physician  was  of  opinion  that  the  sulphurous 
sulphate  of  turpentine  had  a  beneficial  infiuence  in  the  case  of 
an  obstinate  tetter. 

Possibly  the  presence  of  sulphurous  acid  may  increase  the 
power  of  oil  of  turpentine,  as  an  anthelmintic. 

Pieces  of  corned  meat  hung  up,  after  being  bathed  with  an 
alcoholic  solution  of  the  sulphurous  sulphated  oil  of  turpen- 
tine, or  with  solutions  of  the  sulphated  oils  of  cloves  or  cin- 
namon, remained  free  from  putridity  at  the  end  of  several 
months.  That  imbued  with  cinnamon  had  a  slight  odour  and 
taste  of  the  oil. 
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I  am  led,  therefore,  to  the  impression  that  the  antiseptic 
power  is  not  peculiar  to  kreosote,  but  belongs  to  other  acrid 
oils  and  principles,  and  especially  to  the  oils  of  cinnamon  and 
cloves. 

The  union  of  sulphuric  acid  with  these  oils  appears  to 
render  them  more  soluble  in  water ;  whether  any  important 
change  is  effected  in  their  medical  qualities  by  the  presence 
of  the  acid  may  be  a  question  worthy  of  attention. 

I  have  stated  my  reasons  for  considering  the  ammoniacal 
liquid,  resulting  from  the  ablution  of  the  ethereal  sulphurous 
sulphate  of  etherine  with  ammonia,  as  partially  composed  of 
hyposulphuric  acid.  By  adding  to  this  ammoniacal  liquid  a 
quantity  of  sulphuric  acid,  sufficient  to  produce  a  strong  odour 
of  sulphurous  acid,  and  then  a  portion  of  any  of  the  essential 
oils;  a  combination  ensued,  as  already  described,  between  the 
oils  and  the  sulphurous  acid  liberated  by  the  sulphuric  acid, 
so  as  to  render  them  yellow  and  suffocating.  The  habitudes 
of  cinnamon  oil  from  cassia  under  these  circumstances  were 
peculiar.  A  quantity  of  it  was  dissolved,  communicating  to 
the  liquid  a  reddish  hue.  The  solution  being  evaporated,  a 
gummy  translucent  reddish  mass  was  obtained,  which,  by 
solution  in  alcohol,  precipitated  a  quantity  of  salt,  and  being 
boiled  nearly  to  dryness,  re-dissolved  in  water,  and  again 
evaporated,  was  resolved  into  a  mass  having  the  friabUity, 
consistency  and  translucency  of  common  rosin ;  but  with  a 
higher  and  more  lively  reddish  colour.  Its  odour  recalls,  but 
faintly,  that  of  cinnamon ;  its  taste  is  bitter  and  disagreeable, 
yet  recalling  that  of  the  oil  from  which  it  is  derived.  Its 
aqueous  solution  does  not  redden  litmus ;  nor,  when  acidula- 
ted with  nitric  acid,  does  it  yield  a  precipitate  with  nitrate  of 
barytes. 

Of  this  substance  ten  grains  were  exposed  to  the  process 
above  mentioned,  for  the  detection  of  sulphuric  acid,  and 
were  found  to  yield  a  precipitate  of  6"5  grains  of  sulphate  of 
barytes. 

It  may  be  worth  while  to  mention,  that  in  boiling  the  sul- 
phated  oils  with  nitric  acid,  compounds  are  formed  finally, 
which  resist  the  further  action  of  the  acid,  and  are  only  to  be 
decomposed  by  the  assistance  of  a  nitrate  and  deflagration. 
I  conjecture  that  these  compounds  will  be  found  to  merit 
classification  as  ethers  formed  by  an  oxacid  of  nitrogen. 

One  of  my  pupils,  in  examining  one  of  the  compounds 
thus  generated,  was,  as  he  conceived,  seriously  affected  by  it, 
suffering  next  day  as  from  an  over  dose  of  opium.  He  also 
conceived  that  a  cat,  to  which  a  small  quantity  was  given, 
was  affected  in  like  manner. 
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I  had  prepared  an  apparatus  with  the  view  of  analyzins^ 
accurately  the  various  compounds  above  described  or  alluded 
to,  by  burning  them  in  oxygen  gas ;  when,  by  an  enduring 
illness  of  my  assistant,  and  subsequently  my  own  indisposi* 
tion,  I  was  prevented  from  executing  my  intentions. 

XXXII.  0/  Sassarubrin,  a  Resin  evolved  by  Sulphuric 
Acid  from  Oil  of  Sassafras,  which  is  remarkable  for  its 
efficacy  in  Reddening  that  Acid  in  its  concentrated  state. 
By  R.  Hare,  M.  D.  Professor  of  Chemistry,  in  the 
University  of  Pennsylvania. 

This  colour  is  due  to  a  peculiar  resin,  which  I  would  call 
sassarubrin,  being  elaborated  from  the  oil  of  sassafras,  by  its 
reaction  with  sidphuric  acid,  with  phenomena  which  are 
striking,  and,  in  some  respects,  singular.  If  a  mixture  be 
made  of  equal  parts  of  the  oil  of  sassafras,  alcohol  and  sul- 
phuric acid,  on  raising  the  temperature  to  a  certain  point, 
the  whole  mass  rises  up  in  a  resinous  foam,  of  a  beautiful 
colour,  between  copper  and  purple,  with  a  metallic  brilliancy. 
In  some  instances,  it  has  been  partially  forced  out  of  the 
retort  through  the  beak  in  a  cylindrical  mass,  which  acquired, 
on  cooling,  tlie  consistency  of  pitch.  This  pitchy  substance 
is  a  compound  of  the  resin  above  alluded  to  and  sulphuric 
acid,  with  which  it  forms  a  soluble  substance,  neutralising  its 
sourness  to  a  certain  extent.  By  steeping  this  subacid  com- 
pound in  ammonia,  straining,  washing  the  residue  with  water, 
and  desiccation,  a  brittle  tasteless  resin  remains,  which  is 
quite  insoluble  in  water,  but  very  soluble  in  alcohol  and 
hydric  ether. 

The  addition  of  this  sassarubrin  to  concentrated  sulphuric 
acid,  produces  the  crimson  colour  already  mentioned  as  re- 
sulting from  the  presence  in  that  liquid  of  a  minute  portion 
of  oil  of  sassafras.  I  infer  that  the  colour  is  due  to  the 
evolution  of  sassarubrin,  which  has  a  bassic  affinity  for  the 
acid,  to  which  it  owes  its  birth.  The  ethereal  and  alcoholic 
solutions  of  sassarubrin  are  of  the  colour  of  a  dingy  white 
wine,  but  acquire  a  deep  crimson  when  mingled  with  concen- 
trated sulphuric  acid. 

Sassarubrin  may  be  produced  by  the  union  of  the  acid  and 
oil,  provided  it  be  moderated  by  refrigeration  or  dilution  with 
water. 

Without  some  precaution,  the  heat  produced  is  sufficient  to 
char  the  resin  more  or  less.  The  reddening  influence  of  the 
oils  of  cinnamon  and  cloves  is  due  to  the  generation  of  resins 
analogous  to  sassarubrin. 
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To  those  resins  the  names  of  cinnarubrin  and  clovorubrin 
may  be  severally  assigned.  Cinnarubrin  may  be  evolved  by 
adding  oil  of  cinnamon  to  equal"  parts  of  sulphuric  acid  and 
water,  previously  mixed  and  refrigerated,  the  temperature 
being  subsequently  elevated  till  the  mass  rises  up  in  a  foam ; 
when  the  whole  should  be  poured  into  a  solution  of  pearlash, 
from  which  the  resin  may  be  extricated  by  a  strainer.  It  is 
analogous  to  sassarubrin,  but  is  less  efficacious  in  colouring 
sulphuric  acid,  and  does  not,  like  the  former,  impart  to  the 
sides  of  the  containing  glass  a  rich  red  colour.  Moreover,  it 
appears  to  be  partially  insoluble  in  alcohol,  and  to  retain  sul- 
phuric acid  after  being  boiled  with  an  alkaline  solution. 

I  infer  that  a  new  series  of  resins  may  be  evolved  from  the 
essential  oils  by  their  reaction  with  sulphuric  acid;  which, 
having  a  general  analogy  to  each  other,  may  stiU  have  dis- 
criminating characteristics,  arising  from  the  oils  whence  they 
may  be  derived. 


XXXIII.     Theoretical   Views  of  the  origin  cf  Mineral 
Veins.     By  R.  Were  Fox,  Esq. 

I  projKWe  now  to  consider  how  far  the  phenomena  of  mineral 
veins  can  be  accounted  for  on  known  principles.  I  am  aware 
that  it  may  require  much  time  and  research  ftdly  to  solve  the 
problem,  but  I  trust  that  I  shall  succeed  in  making  out  a 
prim&  facie  case  in  favour  of  the  probability  of  its  being  ulti*- 
mately  accomplished. 

I  have  long  been  impressed  with  the  analogy  which  mineral 
veins  seem  to  present  to  some  voltaic  combinations,  and  have 
referred  to  it  on  various  occasions.  In  one  of  my  papers,  "On 
the  temperature  of  mines,"  which  was  read  before  the  Corn- 
wall Geological  Society,  in  1822,  I  adverted  to  the  subject  in 
these  terms:* 

"  If  electricity,  for  instance,  be  evolved  when  several  dif- 
ferent mineral  substances  are  brought  into  contact,  and  like- 
wise in  the  process  of  crystallization,  &c.,  may  it  not  in  con- 
nexion with  the  strata  and  v^ns,  and  the  almost  distinct  por- 
tions of  water  which  abound  in  the  earth,  also  act  its  part 
on  a  larger  scale,  and  not  only  excite  heat.t  but  contribute  to 

♦  The  paper  from  which  the  extract  is  made  was  published  in 
the  Annals  of  Philosophy  in  1822.     See  Vol.  IV.  p.  447. 

f  I  am  quite  inclined  to  believe  that  there  is  an  independ^it 
source  of  heat  in  the  interior  of  the  earth,  although  the  circulation 
of  water  under  the  surface,  and  its  tendency  when  heated  to  ascend, 
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jfl*oduce  the  extraordinary  aggregation  and  position  of  homo- 
geneous minerals  in  veins,  &c.,  and  the  beautiful  order  which 
exists  ewen  under  the  surface  of  the  earth?" 

In  1827,  I  again  alluded  to  the  subject^  and  to  the  appzurent 
analogy  between  electro-magnetism  and  the  generally  preva- 
lent direction  of  the  principal  metallic  veins,  nearly  at  right 
angles  to  the  magnetic  meridian.  Between  two  and  three 
years  afterwards  I  commenced  my  experiments  on  the  electro- 
magnetic properties  of  metalliferous  veins,  and  proved  the 
reality  of  the  existence  of  electricity  in  them. 

Scarcely  a  year,  however,  has  elapsed  since  my  qpinions, 
with  regard  to  the  formation  of  mineral  veins,  have  assumed 
a  shape,  definite  enough  in  any  degree  to  warrant  my  com- 
municating them  to  the  Geological  Society  of  London,  which 
I  did  last  Spring;  and  I  have  since  availed  myself  of  other 
occasions  to  enter  more  fully  into  some  parts  of  the  question. 

Formation  of  Fissures. 

I  am  aware  that  the  prevailing  opinion  in  Cornwall,  is  rather 
opposed  to  the  hypothesis  of  mineral  veins  having  been  derived 
from  fissures  in  the  strata ;  nor  can  I  be  surprised  at  it,  as  I 
have  participated  in  the  same  opinion.  I  could  not  conceive 
how  numerous,  large,  and  deep  fissures  could  have  remained 
open,  during  the  formation  of  mineral  deposits  in  them,  under 
the  circumstances  in  which  the  veins  are  now  found  to  exist, 
since  they  intersect  each  other  in  various  directions,  and  their 
vein  stones,  when  included  in  a  given  rock,  do  not  often  re- 
semble, or  appear  to  have  belonged  to  any  other  rocks  im- 
mediately above,  when  traversed  by  the  same  veins.  For 
reasons  such  as  these,  I  refrained  fi'om  adopting  any  general 
theory,  as  those  of  Werner  and  Hutton  seemed  to  me  to  be 
very  unsatisfactory,  and  indeed  inconsistent  with  many  facts. 

My  objections  to  the  hypothesis  of  fissures,  were,  however, 
removed,  when  it  occurred  to  me  that  many  of  them  might 
have  been  very  small  at  first,  and  become  progressively  opened 
and  filled  with  mineral  deposits.  Moreover,  that  other  secon- 
dary and  lateral  fissures  might  have  resulted  from  time  to  time, 
from  the  expansion  of  the  former ;  which,  I  think,  obviates 
any  mechanical  objections  derived  from  intersections,  and 
from  the  fact  that  contiguous  veins  often  include  large  masses 
of  rock  detached  and  isolated  from  the  neighbouring  strata,  or 
"  country.^* 

mast,  I  think,  render  any  inferences  founded  on  experiments  in 
mines  inconclusive  as  it  respects  the  true  ratio  of  the  increase  of  tem- 
perature at  very  great  depths. 
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The  circumstance  of  vein  stones  derived  from  any  given 
rock,  not  being  found  in  a  vein,  whilst  traversing  an  inferior 
rock,  appeared  to  be  easily  accounted  for,  if  the  fissure,  instead 
of  being  wide,  were  contracted  enough  materially  to  check  the 
descent  of  small  fragments  of  rock :  and  the  very  frequent 
subdivision  of  the  largerveins  into  smaller  ones,  seemed,  more- 
over, to  afford  decisive  evidence  in  fevour  of  such  a  process.* 

I  admit  that  the  mineral  veins  in  Cornwall,  are  not  more 
liable  to  hypothetical  objections,  such  as  I  have  alluded  to, 
than  those  which  occur  in  fossiliferous  rocks,  and  I  should 
long  ago  have  been  satisfied  on  this  point,  had  I  been  suffici- 
ently acquainted  with  the  strict  analogy,  which  has  been 
shown  to  exist  between  them,  in  what  may  be  considered  their 
mechanical  characters.  But  it  is  not  now  necessary  to  refer 
to  such  evidence,  at  a  distance,  since  De  La  Beche  has  dis- 
covered enorenites,  and  other  organic  remains,  imbedded  in 
killas,  (grauwack^,)  close  to  the  walls  of  the  eastern  part  of 
Great  Crinnis  copper  and  tin  lode ;  and  this  gentleman,  more- 
over, seems  to  entertain  no  doubt  from  the  direction  of  some 
of  the  fossiliferous  beds,  that  they  must  pass  under  many  of 
the  copper  and  tin  mines  near  St.  Austell. 

It  may  not  be  easy  to  determine  what  has  given  rise  to  fis- 
sures in  the  earth,  but  it  is  likely  that  different  c^ijsjeji  hfive 
operated,  some  probably  sudden  and  violent,  aiid  . Jerhaps 
often  repeated,  producing,  at  various  intervals  of  time,  consi- 
derable disruptions  of  the  strata ;  whilst  others  may  have  been 
more  slow,  and  gradual ;  but  even  in  this  case,  I  conceive, 
that  the  effects  upon  any  given  fissure  would  mostly  be  inter- 
mittent, or  by  fits  and  starts ;  for  it  may  readily  be  imagined 
that  if  the  infiuence  of  tension  were  exerted  to  a  certain  degree, 
there  would  generally  be  a  sudden  enlargement  of  the  rent. 

Earthquakes,  which  are  even  now  of  such  very  common 
occurrence  in  some  countries,  may  give  some  idea  of  the  for- 
mer;  and  the  gradual  elevation  or  depression  of  vast  tracts  of 
land,  which  is  found  to  have  taken  place  in  different  parts  of 
the  world,  even  in  modern  times,  may  be  mentioned  as  an  ex- 
emplification of  the  latter.  These  changes  of  level  may,  per- 
haps, be  owing  to  fluctuations  of  temperature  under  the  earth's 
surface. 

♦  Since  I  first  published  my  views  on  this  subject,  I  have  learnt 
that  Foumet,  a  French  geologist,  has  observed  in  the  mines  of  France, 
&c.,  oroofs  of  the  progressive  enlargement  and  filling  of  fissures,  so 
that  the  circumstance  of  our  having  both  arrived  at  the  same  conclu- 
sions by  indejiendent  observations,  in  widely  separated  mining  dis- 
tricts, is  certainly  favourable  to  the  truth  or  the  hypothesis,  as  well 
as  to  its  generality. 
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The  phenomena  of  mineral  veins  in  Cornwall,  prove  that 
the  various  rocks  which  are  traversed  by  them,  must  have  oc- 
cupied Jiheir  present  relative  positions  before  the  fissures  were 
produced ;  and  I  conceive,  moreover,  that  none  of  these  rocks 
could  have  been  at  the  time,  at  temperatures  greatly  differing 
from  each  other,  because  the  veins  which  traverse  them  at 
various  angles  and  inchnations,  are  neither  dislocated  nor 
necessarily  altered  in  size,  in  passing  from  one  rock  into  ano- 
ther, being  sometimes  larger  in  one  kind  of  rock,  and  some-  - 
times  in  another.  These  remarks  apply  to  the  veins,  even 
when  they  pass  through  elvan  courses  which  traverse  other 
rocks;  whereas,  if  any  of  the  rocks  were  at  a  much  higher 
temperature  than  those  in  their  vicinity,  after  the  formation 
of  the  fissures,  the  contraction  caused  by  the  cooling  of  the 
former,  surely  ought,  under  some  circumstances,  to  have  inter- 
rupted the  continuity  of  veins,  and  to  have  increased  their 
dimensions. 

I  think  we  may,  therefore,  venture  to  assume,  that  fissures 
have  not  been  produced  by  any  cooling  of  the  rocks  from  a 
high  original  temperature,  but  that  they  must  be  attributed 
to  the  operation  of  other  causes. 

It  is  exceedingly  probable,  however,  that  changes  or  alter- 
nations'^ of.  temperature  under  the  surface,  may  have  been  one 
of  the  processes  from  which  some  fissures  have  resulted,  and 
were  afterwards  expanded.  An  increase  of  temperature  would 
occasion  an  expansion  and  upraising  of  the  strata,  from  which 
rents  would  result ;  and  a  reduction  of  temperature,  causing 
a  contraction  of  the  rocks,  would  produce  the  same  effects ; 
in  either  case,  the  rents  would  be  in  nearly  opposite  directions, 
which  might  have  been  determined  by  the  structure  or  joints 
of  the  rocks.  Now,  if  the  fissures  resulting  from  an  upraising 
of  the  strata,  however  produced,  were  to  be  partly  filled  with 
fragments  or  detritus  of  the  rocks,  or  other  mineral  deposits, 
they  would  be  wedged  open  as  it  were,  and  would  not  conse- 
quently, return  to  their  original  level,  after  the  subsiding  of 
the  uplifting  cause.  In  this  way  cavities  might  be  formed  at 
greater  or  less  depths,  and  dislocations  would  probably  follow, 
giving  rise  to  some  of  the  phenomena  of  faults. 

The  crust  of  the  earth  must,  in  some  places  at  least,  have 
been  subject  to  great  vicissitudes  of  temperature,  if  we  may 
judge  from  the  common  occurrence  of  basaltic  and  trappean 
rocks,  and  even  of  volcanic  matter,  passing  through,  and  rest- 
ing upon,  different  strata. 

It  appears  from  the  ratio  in  which  the  temperature  increases 
in  descending  into  our  mines,  that  the  heat  may  be  about  212* 
Fahr.  at  something  more  than  a  mile  below  the  surface ;  and 


Digitized  by 


Google 


170  Mr.  Fox's  theoretical  views 

I  folly  believe,  for  many  reasons,  that  the  ratio  of  increase 
observed  in  mines  is  not  so  great  as  that  of  the  earth  itsdf^ 
but  that  the  aggregate  effect  of  adventitious  causes^  operating 
in  the  former,  has  a  tendency  to  reduce  the  temperature  below 
its  natural  level. 

It  is  highly  probable  that  many  of  the  veins  penetrate  to  the 
depth  of  several  miles :  for  taking  them  collectively,  I  appre- 
hend, that  their  width  is  not  sensibly  diminished  in  our  deepest 
mines,  although  some  of  the  latter  extend  to  between  two  and 
three  hundred  fathoms  below  the  surfitce.*  Great  as  this 
depth  may  appear  to  be,  it  is  not  a  twelve  thousandth  part  of 
the  semi-diameter  of  the  earth,  or  in  about  the  same  propor- 
tion as  the  thickness  of  common  writing  paper  to  a  sphere  of 
eight  feet  in  diameter.  The  minute  cracks  which  are  some- 
times observable  in  the  varnish  of  a  common  globe  may  serve 
to  give  some  notion  of  the  size  of  the  most  considerable  min- 
eral veins  in  relation  to  the  earth  itself,  although  they  may  be 
many  miles  in  depth  as  well  as  in  length.  However  thk  may 
be,  tliere  can  be  little  doubt  that  many  of  them  penetrate  into 
regions  of  great  heat,  and  assuming  that  they  have  originated 
from  fissures,  they  must  have  contained  water  even  in  their 
deepest  parts«  because  the  great  pressure  of  the  column,  equal 
to  one  hundred  and  sixty  atmospheres,  even  at  the  depth  of  a 
mile, — would,  of  course,  have  prevented  its  being  converted 
into  steam  at  the  bottom  of  the  fissures. 

What  then  must  have  been  the  result  of  this  state  of  things  ? 
It  is  evident  that  the  heated  water,  at  and  near  the  lower  parts 
of  tiie  fissures  would  ascend  through  the  cooler  water  above, 
whilst  the  latter  would  descend,  and  occupy  the  {dace  of  the 
former,  producing  a  circulation,  more  or  less  rapid,  according  to 
circumstanoes.  Sudi  circulation  of  heated  waterwouldnaturally 
tend,  in  some  measure,  to  wear  away  the  sides  of  the  fissures, 
and  may  have  contributed  to  produce  that  degree  <£  smooth- 
ness for  which  49ome  parts  of  the  walls  of  veins  are  often  so  re- 
markable. If  any  of  the  inclined  fissures  were  sufiBiciently  wide 
and  open  in  some  places,  the  ascending  currents  would  prin- 
cipally act  on  the  hanging  walls,  and  the  descending  ones  on 
the  foot  walls ;.  «nd  it  remains  to  be  ascertsuned  by  carefiil  in- 
spection, whether  traces  of  the  results  of  such  action  can  be 
detected  in  the  walls  of  any  mineral  veins.  Stones  more  or 
less  rounded,  and  apparently  water-worn,  are  occasionally 
found  in  the  form  of  conglomerates  in  mineral  veins,  but  they 
are  sufficiently  rare  to  render  it  probable  that  the  latter  must 

♦  The  bottom  of  the  Consolidated  mines  is  now  nearly  290 
fathoms  under  Ihe  surface,  and  about  240  fathoms,  I  believe,  oelow 
the  sea  level. 
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Have  been  mostly  very  narrow,  or  that  the  accumtdation  of 
matter  in  them  might  soon  have  become  so  considerable  as  to 
obstruct  the  easy  circulation  of  the  water. 

Let  us  suppose  that  in  time,  this  circulation  was  almost 
stopped  by  mineral  deposits,  the  temperature  of  the  water  at 
the  lower  parts  of  the  fissures  would  increase,  whilst  that  of 
the  water  above  would  decrease  in  a  greater  ratio.  The  inferior 
strata  would,  under  these  circumstances,  have  some  tendency 
to  expand,  and  the  superior  strata  to  contract;  but  if  the  for- 
mer happened  to  be  wedged  open  in  any  parts,  by  fragments 
of  rocks  ai^  other  substances,  such  expansion  would  tend  to 
widen  the  fissures,  whilst  the  contraction  of  the  strata  above, 
would,  at  the  same  time,  augment  this  effect.  Thus  the  rents 
might  have  admitted  of  the  circulation  of  the  water  being  re- 
newed ;  and  the  same  process  might  have  been  again  and 
again  repeated,  until  the  fissures  at  length,  became  too  much 
filled  from  the  top  to  the  bottom  with  mineral  deposits,  for  such 
action  to  go  forward  with  any  perceptible  effect. 

I  merely  allude  to  this  process  incidentally,  without  intend- 
ing to  make  it  prominent,  as  it  matters  not  to  my  present  ob- 
ject by  what  means  fissures  were  formed  or  enlarged  from  time 
to  time.  It  is  sufficient  to  believe  that  different  causes  may 
have  operated  with  greater  or  less  effect,  and  that  they  were 
fully  ad^uate  to  accomplish  the  object. 

It  is,  1  believe,  generally  considered  by  miners,  that  the 
temperature  of  our  copper  lodes,  is  ^eater  than  that  of  the 
surrounding  country,  at  equal  depths  ;*  and  they  regard  a  co- 
pous  jet  of  warm  water  into  their  workings  as  a  favourable 
indication  in  a  lode.  Tin  lodes  vcce  often  rather  inferior  in  this 
respect  to  those  of  copper,  which  is  probably  owing  to  their 
being  generally  harder  and  more  compact  than  the  latter. 

I  have,  on  different  occasions,  referred  to  gramte  b^g 
rather  below  killas  in  temperature  ;t  and  W.  J.  Henwood  has 
since  determined,  by  numerous  experiments,  that  the  tempera- 
ture of  the  former  in  our  mining  districts,  is  a  few  degrees  be- 
low that  of  the  latter.  The  difference  in  these  cases,  whatever 
it  may  be,  I  have  long  attributed  to  the  facility  afforded  by 
lodes,  as  compared  with  the  rocks ;  aad  of  killas,  as  compared 
with  granite,  for  the  circulation  of  ascending  and  descending 
currents  of  water ;  and  it  is  easy  to  perceive  that  the  deeper 
lodes,  and  those  parts  most  abounding  with  ore,  may  admit  of 

*  From  the  mean  of  several  observations  made  in  mines,  I  have 
estimated  this  difference  to  be  nearly  three  degrees.  See  Cornwall 
Geological  Transactions,  Vol.  II.,  p.  29,  year  1820. 

f  See  Annals  of  Philosophy,  1822,  Vol.  IV.,  p.  447;  and  Phik>- 
sophical  Magazine  for  1831,  p.  09. 
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such  circulation  more  readily  than  where  there  is  accumulation 
in  them,  of  clay  and  finely  divided  mechanical  deposits  with 
quartz,  &c. 

Assuming  the  hypothesis  of  a  progressive  enlargement  of  the 
greater  part  of  the  original  fissures,  it  is  not  difficult  to  under- 
stand, that  the  formation  of  secondary  ones,  from  time  to  time, 
would  be  the  natural  consequence  of  the  rending  force  exerted, 
and  of  the  tendency  in  the  hanging  sides  of  fissures  sometimes 
to  break  off  in  vast  masses  from  the  adjoining  country,  thus 
forming  cracks  of  greater  or  less  extent.  Hence,  many  lateral 
and  branch  veins  may  have  originated,  and  likewise  the  masses 
of  rock  which  so  frequently  occur  in  the  veins,  and  which  are 
termed  by  the  Cornish  miners,  *^  horses,*^  But  this  subject 
will  be  again  referred  to  in  this  paper. 

Filling  of  Fissures. 

It  has  already  been  stated,  that  mineral  veins  consist  of  sub- 
stances resembling  the  enclosing  rocks,  and  which  are  assumed 
to  have  been  mechanically  derived  from  them ;  and  also  of 
other  substances  which  are  so  different  from  the  contiguous 
rocks  as  plainly  to  indicate  another  origin;  and  such  deposits, 
I  conceive,  may  be  referred  to  chemical,  or  electrical  agency. 

It  is  obvious  that  the  splitting  of  rocks,  and  frirther  opening 
of  the  fissures  from  time  to  time,  would  occasion  fragments, 
and  friable  portions  of  the  former  to  fall  into  the  fissures, 
whilst  the  flowing  of  water  into  the  latter,  and  its  circulation 
within  them,  would  tend  to  produce  depositions  of  detrius  of 
the  rocks,  clay,  and  other  finely  divided  matter.  These  me- 
chanical deposits  would  generaUy  be  accumulated  in  the  largest 
proportions,  in  such  parts  of  a  given  fissure,  as  had  the  greatest 
underlie ;  and  miners  find  that  lodes  are  usually  less  produc- 
tive of  ore  in  such  situations,  than  in  other  parts  which  are 
more  nearly  vertical. 

I  have  akeady  explained  my  reasons  for  believing  that  the 
water  at  the  bottom  of  some  of  the  deep  fissures,  must  have 
been  at  a  very  high  temperature,  and  must  consequently  have 
caused  a  more  or  less  active  circulation  in  them,  of  ascending 
and  descending  currents.  It  is  well  known  that  the  solvent 
properties  of  water,  as  well  as  of  acids,  alkalies,  &a,  are  aug- 
mented by  heat;  and  there  is  reason  to  believe  that  their 
power  to  dissolve  matter,  and  to  hold  it  in  solution,  increases 
in  some  ratio  with  the  temperature. 

It  seems  therefore  to  follow  as  a  necessary  consequence, 
that  the  hotter  portions  of  water,  &c.,  in  the  deeper  parts  of 
the  fissures,  would  become  charged  with  matter  wluch  it  would 
deposit  more  and  more  as  it  ascended  through  them,  and  be« 
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came  gradually  reduced  in  temperature ;  its  partial  evaporation 
when  at  the  surface  would  also  augment  this  tendency. 

Amongst  these  deposits  it  is  prohable  that  silica  or  quartz^ 
was  most  abundant,  and  that  in  many  instances,  it  became 
intimately  mixed  with  chlorite,  and  earthy  matter,  worn  off 
from  the  sides  of  the  fissures,  by  the  action  of  the  currents  of 
hot  water  upon  them. 

The  hot  springs  of  Geyser,  in  Iceland,  and  Furnas,  in. St. 
Michael's,  have  accumulated  silicious  deposits  around  them  to 
a  great  extent ;  and  other  thermal  waters  in  various  parts  of 
the  world,  especially  in  India,  and  South  America,  are  more 
or  less  charged  with  silicious  matter,  which  they  partly  deposit 
on  reaching  the  surface : — and  as  quartz  is,  perhaps,  the  most 
general  and  abundant  substance  in  the  majority  of  mineral 
veins,  I  think,  there  can  be  no  hesitation  in  admitting  that  it 
may  have  been  collected  in  the  way  now  suggested.  Other 
earthy  substances  of  difficult  solubility,  without  the  aid  of 
great  heat,  may  also  have  been  deposited  in  like  manner, 
whilst  the  deposition  of  the  more  soluble  compounds,  and  es«- 
pecially  of  the  metallic  ones,  must  be  referred  to  other  causes. 

It  is,  moreover,  highly  probable,  that  a  greater  or  less  pro- 
portion of  the  contents  of  veins  may  have  been  derived,  by 
infiltration,  from  the  neighbouring  country;  and  the  circum- 
stance of  the  rocks  in  the  immediate  vicinity  of  lodes  being 
generally  inferior  in  hardness  to  those  at  a  distance  from  them, 
tends  to  strengthen  this  hypothesis.  The  frequent  incorpora- 
tion of  quartz,  chlorite,  and  other  matter  with  lodes  themselves, 
as  well  as  with  their  sides,  so  as  to  obliterate  any  appearance 
of  walls; — termed  ^^capels"  seems  to  afibrd  additional  evidence 
in  favour  of  infiltration.  Such  solutions,  depositions,  and 
changes,  might  be  produced  by  a  slow  electro- chemical  action, 
and  the  present  hardness  or  softness  of  the  sides  of  veins,  and 
of  the  rocks  adjoining,  ought  not  certainly,  to  be  referred  to, 
as  a  criterion  tor  what  they  formerly  were  in  these  respects. 
If  it  were  needful,  proofs  might  be  adduced  in  abundance,  of 
silicious  matter  having  taken  the  place,  and  assumed  the  form 
of  animal,  vegetable,  and  mineral  bodies,  so  as  to  compose 
masses,  equal  in  hardness  to  quartz  rock,  or  to  the  most  com- 
pact ^'capel :"  there  can  be  no  doubt  then,  that  there  exists 
in  nature,  a  power  of  transference,  such  as  I  have  alluded  to. 

I  have  found  that  pieces  of  compact  granite  and  killas  taken 
out  of  a  mine,  and  without  any  apparent  flaws  in  them,  after 
having  been  placed  in  boiling  water  in  which  a  small  quantity 
of  some  salt  was  dissolved,  were  rendered  conductors  of  voltaic 
electricity,  although  they  possessed  this  property  in  a  feeble 
degree  in  comparison  with  the  liquid  solution  itself. 
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It  is  evident  from  this  experiment^  and  from  others  made 
in  mineS;  in  which  parallel  lodes  acted  on  each  other  through 
very  large  masses  of  rock^  that  rocks  become  conductors  of 
electricity,  especially  at  considerable  depths,  where  the  great 
pressure  of  the  column  of  water^  and  the  high  temperature^ 
combme  to  introduce  moisture  into  them.  If  then,  the  rocks 
are  thus  rendered  even  feeble  conductors  of  electricity,  and 
contain  different  salts,  they  are  necessarily,  exciters  of  it  also; 
that  is,  if  contiguous,  they  become  in  opposite  electrical  states : 
the  same  remarks  applies  with  still  more  force  to  moistened 
clay,  because  it  contains  more  water. 

I  have  proved  by  an  examination  of  water  taken  from  dif- 
ferent mines,  and  from  various  parts  of  the  same  mine^  that 
different  varieties  of  saline  solutions  now  exist  in  neighbouring 
strata.  In  some  instances,  the  proportion  of  foreign  matter  in 
the  water^  was  very  small,  whilst  in  others,  it  was  considerable ; 
but  I  have  not  yet  tried  any  mine  water,  that  would  not  jaro- 
duce  very  decided  electrical  action,  when  the  native  sulphuret 
and  hi^sulphuret  of  copper  were  plunged  into  it,  and  the  vdtaic 
circuit  completed.  The  very  superior  cox^lucting  power  oi 
the  saline  water  in  the  fissures,  in  relation  to  the  merely  mois- 
tened rocks,  would  always  tend  to  supersede  the  tra];isfer  oi 
electricity,  more  or  leas,  through  the  latter.  The  contact  of 
large  surfaces  of  rock,  clay,  &c.,  with  water,  differing  in  its 
saline  contents  from  them,  must  also  have  been  an  efficient 
source  of  electrical  excitement ;  and  it  should  not  be  forgotten, 
that  the  circulation  of  the  water  would  be  liable  to  very  jGre- 
quent  changes  of  velocity,  in  consequence  of  obstructions  in 
the  fissures,  or  their  occasional  enlargement,  so  that  the  con- 
tents, as  well  as  the  temperature  of  the  water,  would  be  sub- 
ject to  many  modifications. 

In  many  instances  the  rocks  may  have  contained,  as  they 
now  sometimes  do,  iron  pyrites  and  other  metallic  substances, 
and  in  the  deeper  parts  of  the  fissures,  it  can  scarcely  be 
doubted,  that  the  sources  of  electrical  excitement  were  greatly 
augmented  and  multiplied,  not  only  on  account  of  the  high 
temperature  of  the  water,  which  must  have  materially  increased 
its  conducting  power,  but  likewise  from  the  probable  ejcistence 
there,  of  some  of  the  metals,  in  a  pure,  or  nearly  a  pure  state. 
If  these  points  be  conceded,  it  is  difficult  to  assign  limits  to 
the  extent  of  the  development  of  electrical  action. 

Now  it  is  a  well  known  fact,  that  electric  currents,  by  which 
I  mean  voltaic  or  thermo-electric  currents,  and  magnetic  bars, 
or  needles,  having  freedom  to  take  any  position,  have  a  ten- 
dency to  arrange  themselves  at  right  angles  to  each  other,  and 
consequently  as  has  been  proved  by  experiment,  an  electric 
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current  transmitted  through  a  very  delicately  poised  conductor, 
will  cause  it  to  take  a  positicm  at  right  angles  to  the  magnetic 
meridian  of  the  earthy  If  an  electric  current  be  directed  from 
east  to  west  through  a  metallic  wire,  a  magnetic  nee(fle  su8« 
pended  above  the  wire,  will  have  its  marked  end  directed 
towards  the  north,  but  if  the  direction  of  the  current  be  ire- 
versed,  so  will  be  that  of  the  needle  also,  and  the  marked  end 
will  point  toward  the  south.  If  the  needle  be  sujspended  or 
poised  under  the  wire,  the  order  of  its  positions  will  be  inverted. 

Ampere  has  inferred  from  these — electro-magnetic  proper- 
ties, that  the  direction  of  the  compass,  or  in  other  words,  of 
the  terrestrial  magnetic  meridian,  is  due  to  the  circulation  of 
currents  of  electricity  round  the  globe  from  the  east  towEurds 
the  west ;  and  this  opinion  has,  I  believe,  been  very  generally 
adopted.  Such  currents  may,  in  many  places,  be  more  or  less 
oblique  with  respect  to  the  parallels  of  latitude.  The  aurora 
borealis,  it  is  well  known,  sometimes  aj^ars  in  the  form  of 
an  arc,  the  centre  of  which  is  intersected  by  the  plane  of  the 
magnetic  meridian,  or  nearly  so  ;  and  it  has  been  proved  by 
observations,  some  of  which  were  made  by  myself,  that  it  has 
often  a  tendency  to  deflect  the  magnetic  needle,  and  also  to 
diminish  the  intensity  of  the  earth's  magnetism. 

The  aurora  may,  therefore,  I  think,  be  considered  an  exhi- 
bition of  electric  currents  at  a  great  height,  which  are  con- 
nected with  others  nearly  parallel  to  them,  in  the  interior  of 
the  earth.  Whether,  however,  we  regard  terrestrial  magnetism 
as  the  eflFect  or  cause  of  the  direction  of  electric  currents,  it 
cannot  be  doubted  that  these  phenomena  are  in  harmony  with 
each  other,  and  that  if  electricity  existed  under  the  sur&ce, 
it  would,  if  not  counteracted  by  local  circumstances,  pass  more 
readily  from  magnetic  east  to  west,  than  in  any  other  direc- 
tion.* Hence,  if  fissures  happened  to  have  opposite  horizontal 
bearings,  and  were  equally  filled  with  water  charged  with 
saline  matter,  the  electric  currents  would  be  determined  in 
preference,  through  such  of  them  as  most  nearly  approximated 
to  the  magnetic  east  and  west  points  at  the  time* 

♦  If  we  suppose  electric  currents  to  circulate  round  the  earthy 
from  the  east,  towards  the  west,  both  above  and  below  its  surface, 
they  would  tend  to  deflect  a  magnetic  needle  in  opposite  directions, 
so  that,  in  fact,  terrestrial  magnetism  would  be  due  to  the  excess  of 
one  over  the  other ;  and  this  hypothesis  may  possibly  be  found  to 
be  more  consistent  than  any  other  with  various  magnetic  phenomena) 
and  particularly  with  the  fact  that  the  magnetic  intensity  has  not 
been  found  to  undergo  any  sensible  change  at  considerable  heights 
above,  or  depths  beneath  the  surface. 
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Thus,  for  ittstamc^y  if  >fc  5«i*Sgi'38|  lS«rt0j\J4y^^weiat*if;ht 
angles  to  theinsgn^ti^  iMefidiltn/ato4thafii9nn«^artf  fiarmed 
in  the  direction  n  b'br  ^iR^'tM  ^^dlriohfi^mtM  ydssdongiiiidi- 
nally  through  such^fi^igftli'eil  ^lrattteiy4;tofa>^WM A  tiAenHnotlj 
at  right  angles  to  th^M.'-*^  Tile  ^iliiloasitioftB%:> 
compass  has  been  obi^^^  iti  t^fiHcoiUitfy^  sfewbp^  tiKuUate 
through  an  arc  of  ett  lesdt  36'^  it  >1lck^i*d«nMa]^Ai;^M5  the 
westward  of  th^f^mrioi^^Btff^ubm^^  ^0 

years  ago,  it  was  ti^k^bi^he^<m,'itor*^ll'h^tim 
of  north,  which  givesa  mean  magn^etic  ideciia«tiob.i€£4^f  »to 
the  westward  of  the  true  meridian*     •   j*    *  '   •*•  Hj  v-i.hI 

Taking  it  fo^  g^nted>  therefore,  tha^  th8>dll»ttiA\oalp^nts 
were  chiefly  eonin«d' W  those  Assures^ whiobimMt' tidwrJ^'Hltr- 
responded  with  the^iirngtetio  eastBndw€t8t^ijK^fHm^  ^c^jon 
the  saline  sub^tance^  c^itained  in  the  ^atter^  landigr^Aui^y 
decompose  them,  th«  metdl,  or  In^se,  bein^deiermiai^^O^tsqQrds 
the  negative  pole,  or  the  ^ctro^negatiYbTacV^i^  -tiM^^d, 
towar(£  the  electro-positirfe arock.*      .    *  '      .'» .^i^,^  ,f^  ^^^  ,{ 

However  sloM^r  this^pioness  mightjafc  jfiiisl^*teifftii)ei^*tfie 
deposition  of  then^felaisfw^mld'eause  it  to^ifaeRifHiid^'m^f^d 
more  energetic.  Thts^nketials^eiid  a»etaUi&roiis^f|»$>sii6£ti^^^ 
likewise,  naturally  reAt4  oaii  each  othex(^sandafi»e>  jji^<>^05i|ijBw 
combinations  attdrarraoigem^nts,  tiU  tb«^iai;;ti9bd^>& s^A of 
comparative  equiHbriumij  This  maj'Mmn^]Uhi)%ltmf  Mich 
the  case  in  the  lodes  at  prebent,  aniavsilbdfdlim  ^^;$^ii^re 
capable  of  conduetmg  ekc^rioHy^i  vesy^imMdy'jfiiqpirp^wi^tijh  to 
each  other  in  the  electrical  scales  betn^inQirif  eWt]|^il$^^ve 
than  silver,  and  n^my  of'.tham;asi.nmi&'f)Q:a^ftti^^ 
the  grey  oxide  of  manganese,  and  the/.l(^ti4^iiilt^^o4tctro- 
negative  in  a  still  greatest  degree^  i  .Af^ewwal^pjfr^t^s^^fffon 
pyrites,  and  copper  pyriles,  h^  tatber  9* vhi^  /  ^l^Q ,  ift..  fhe 
scale,  and  are  eleotnHneg&tive  with  rej^p^qt'to^  puxple^^qopger, 
and  galena,  but  more  especially  toiihe  si;Miuret  or.  vitreous 
copper  ore,  which  will  fMroduce  a  very  decided  acjtion  on. a  gal- 
vanometer, when  competed  in  the  voltaic  circuit  with  .copper 
or  iron  pyrites^  See. 

All  these  ores,  as  well  as  some  others,  are  of  course,  con- 
ductors of  de<itricity ;  whereas  the  sulphurets  of  zinc  and  of 
silver  are  non-conductors.  This  is  also  the  case  in  regard  to 
othef  native  sulphurets,  and  to  most  of  the  metallic  combina- 
tions with:  acid*  and  oxygen.* 

It  has  aheedy  been  stated,  that  the  productiveness,  and 
general  contents  of  veins,  seem  materially  to  depend  on  the 
rocks  whidh*they  traverse.  Similar  metalliferous  deposits  are, 

*  See  my  paper  in  the  Philosophical  Transactions,  in  1830,  p.  399. 
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in  some  of  our  mines,  {Mriocipally  found  in  one  rock, — in  gra- 
nite, iot  example;  mkI  in  other  mines,  in  killas  or  elvan, 
^tthoogfa  tlie  same  lodes  may  h^^n,  in  some  instances,  to 
traverse  all  these  rodis,  and  very  frequently  copper  and  tin 
are  foimd  m  different  ocmtiffuoas  rocks:  thus  the  former  may 
chiefly  ocour  in  granite,  and  the  latter  in  killas,  or  vice  versd. 

The  character  of  the  diflerent  beds  of  killas  seems  likewise 
to  have  had  a  deckled  influence  on  the  deposition  of  the  metals, 
and  the  miners  lay  great  stress  on  the  nature  of  the  "channels** 
of  ground  traversed  by  the  lodes,  in  their  anticipations  of  their 
bemg  productive  <»  otherwise.  The  occurrence  of  oblique 
"  shMts^**  9xAoi"  pipes**  oi  ore,  descending  conformably  to 
the  underlie  of  the  beds  or  laminae  of  the  killas,  as  mentioned 
by  Cim^tain  Tregaskis,  (page  17,)  affords  additional  evidence 
of  the  ccmnection  between  the  strata  and  the  contents  of  lodes. 
All  tl^  fiEtcts,  moreover,  seem  to  bear  a  remarkable  analogy 
to  some  of  the  results  of  voltaic  action.  It  is  well  known  that 
by  its  means,  the  chemical  affinities  of  bodies  may  be  super- 
seded, and  even  inverted;  so  it  may,  and  it  does  seem  to  have 
happened,  that  metaUic  and  earthy  substances  were  determined 
towards  certain  rocks,  and  deposited  on  them,  according  to 
the  relative  electrical  states  of  the  latter.  These  states  may 
have  depended,  either  on  the  saline  or  metallic  matter  which 
the  rocks  ccmtained,  or  on  their  positions  and  combinations 
with  respect  to  other  rocks,  modified,  more  or  less,  by  their 
relative  temperatures  at  the  time,  as  well  as  by  the  prevalent 
direction  of  the  electric  currents  in  their  vicinity,  and  by 
numerous  other  accidental  circumstances. 

Becquerel  has  shown,  that  if  a  long  slip  of  copper  be  put 
into  a  glass  vessel  partly  filled  with  a  solution  of  copper,  and 
partly  with  water,  or  acidulated  water,  so  carefully  poured  in 
as  not  to  mix  with  the  former,  after  some  time,  a  precipitate 
of  copper  will  appear  on  that  extremity  of  the  slip  of  metal 
which  IS  in  the  solution.  It  is  evident  in  this  case,  that  the 
liquids  were  in  opposite  electrical  states,  and  that  the  depo- 
sition of  copper,  was  the  result  of  voltaic  action ;  for  if  the 
slip  of  copper  had  been  put  into  a  simple  solution  of  that 
metal,  the  precipitation  would  not  have  taken  place.  The 
same  philosopher  has  obtained,  by  means  of  weak  and  long 
continued  electrical  action,  many  of  the  metals,  metaUic  sul- 
phurets,  and  other  metalliferous  and  earthy  compounds,  not  a 
few  of  them  beautifully  crystallized,  and  precisely  resembling 
those  found  in  nature. 

Crosse  has,  by  means  of  large  voltaic  batteries  excited  by 
water  only,   also  produced  a  great  variety  of  metallic  and 

Vol.  II.— Ab.  9,  March,  1838.  M 
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earthy  mineral,  pnd  aonongst  otjxi^^s,  h^.  t^ius,  I  understa,nd, 
ottaineda  crystal  of  qua^t^p^iiafiaily  A  9^,artej:  of  an  inch  long. 

When  I  learnt  itom  (his  gentleinaft  th^  ro^ults!  of  bi«  e^cpe- 
riments,  and  persuaded ,,hiin,tQ  .qpiyupunicate  them,  to  the 
Geological  section  at  Bj;i«tol^.I.W^,,Ui^e  hj^i^  uuacquainted 
with  Becquexel's experiinents,  or  at  Je^^t,^  tad  no  idea. of  the 
method  which  he  adopted.  .       , 

After  what  has  been  stated,  it  might  ^^ppear  almost  pre- 
sumptuous in  me  to  allude  to  any  of  n^y  own  experiments^  did 
they  not  seem  particularly  to  bear  on,  and  to  elucidate,  some 
of  the  phenomena  which  are  observed  ^^  the  mines  of  Corn- 
wall. 

Following  the  arrangements  which  nature  seemed  to  pre- 
sent, I  placed  different  ores  and  metals  in  different  saline 
solutions,  separated  merely  by  walls  of  clay  in  imitation  of 
our  flucan  courses,  and  1  completed  the  voltaic  circuit  between 
the  ores,  metals,  &c.,  in  the  different  cells  so  formed,  by  cop- 

eUow  or  bi-sulphi^et  of  cop- 

pper  in  one  ceU,,  iand  sulphu- 

ater  or  acidulated  water  in 

by  a  copp^  wire„  acted  ou 

,  the  bi-sulphuret  had  ^, thin 

it.     When  zinc  or  iron,  was 

lopper  in  the  welter  cell,  the 

coated  with  a  pc«isiderable 

t  was  changed  into  the  latter 

ling  to  the  duration  of  the 

experiment,  in  consequence  of  the  abstraction  of  a  portion  of 

sulphur,  and  probably,  also  of  some  of  the  irpn  which  it  con^ 

tained;  and  beautiful  crystals  of  pure  copper,  were  abundantly 

deposited  upon  it,  and  likewise,  in  some  instances,  red  o^ide 

of  copper. 

These  experiments  seem  to  bear  on  the  fact  of  neither  me- 
tallic, nor  red  oxide  of  copper,  occurring  in  our  mines  in  con- 
junction with  yellow  copper  ore,  but  often  with  the  sulphuret, 
or  grey  and  black  ore. 

When  a  solution  of  sulphate  of  iron,  was  substituted  for  the 
sulphate  of  copper  in  the  cell  containing  the  copper  ore,  the 
latter, Speared  at  first  to  have  on  its  surface  a  deposition  of 
iron,  and  this  becoming  oxidated,  in  time  formed  an  incrusta- 
tion, which  resembled  '^  gossan.^^  When  the  water  in  the 
other  cell  was  acidulated  by  sulphuric  acid,  and  a  plate  of 
zinc  or  iron,  put  into  it,  having  Iei  metallic  connection  with  the 
electro-negative  copper  or  iron  ore  in  the  solution  of  sulphate 
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of  iron,  (or  sulphate  of  zinc,  as  the  case  might  be ;)  sulphu- 
retted hydrogen  was  evolved  from  the  latter,  and  sometimes 
in  considerable  abundance. 

In  the  course  of  many  of  my  experiments,  I  observed  that 
the  solution  of  sulphate  of  copper,  for  instance,  became  con- 
siderably elevated  in  the  cell  containing  it,  whilst  the  level  of 
the  water  in  the  other  cell  was  much  depressed ;  indeed,  in 
some  instances,  it  was  nearly  all  transferred.  Hence,  it  may, 
perhaps,  be  concluded,  that  this  modification  of  electrical 
agency,  or  endosmose  and  exosmose  process,  as  it  is  termed, 
may  operate  under  the  surface  of  the  earth,  and  that  water 
ix^ay,  by  similar  means,  be  raised  to  different  levels,  on  oppo- 
site sides  of  flucan  courses,  &c.  In  some  instances,  there 
may  happen  to  be  a  series  of  successive  elevations,  where  cir- 
cumstances are  favourable :— the  subject,  at  least,  seems 
to  deserve  investigation  in  connection  with  the  height  of 
springs,  &c. 

I  have  observed  that  when  the  chloride  of  tin  in  solution,  is 
placed  in  the  voltaic  circuit,  part  of  the  tin  is  deposited  in  a 
metallic  state  at  the  negative  pole,  and  part  at  the  positive 
one,  in  the  state  of  a  peroxide,  such  as  it  occurs  in  our  mines. 
This  experiment  may  serve  to  explain  why  tin  is  found  con- 
tiguous to,  and  intermixed  with  copper  (we,  and  likewise  sepa- 
rated from  it,  in  other  parts  of  the  same  lodes,  or  in  other 
lodes  situffted  near,  or  perhaps  crossed  by  the  copper  lodes. 

It  appeal's  that  copper,  iron,  zinc,  and  other  metals  in  solu- 
tion, are,  under  ordinary  circumstances,  determined  toward 
the  negative  pole ;  and  the  fact  of  *'  gossan  **  being  found  in 
copper  lodes,  and  not  in  those  of  tin,  is  quite  in  conformity 
with  the  ascertained  properties  <rf  the  respective  metals.* 
Some  metals,  however,  like  tin,  assume  the  properties  of  acids, 
if  combined  with  oxygen,  and  consequently,  when  in  this 
state,  tend  towards  the  electro-positive  pole.  It  has  been 
remarked  that  tin  lodes  are  often  harder  than  those  of  copper, 
and  this  is  perhaps,  owing  to  the  determination,  by  electrical 
agency,  of  a  portion  of  silica  to  the  electro-positive  pole. 

Having  endeavoured  to  show  that  electric  currents  must 
have  existed  under  the  earth's  surface ; — ^that  their  tendency, 
on  electro-magnetic  principles,  must  have  been,  coeteris  pari' 
btiSy  to  pass  longituoinally  through  those  fissures  whfeh  most 
nearly  coincided  with  the  magnetic  east  and  west  points : — 

♦  I  have  already  noticed  that  many  large  iron  lodes  are  nearly 
coincident  with  the  magnetic  meridian :  this  direction,  when  re- 
^rarded  in  connection  with  the  magnetic  properties  of  iron,  it 
interesting. 
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and  that  in  iprq^rtdon  las  they  deoomposed  tb(6  amthy  eniA 
meta]li<^  satto  Aeld  tih  ,s^tiK»i  km*  lothiai^ise'  eiscisting^  thej 
wouM^deieiimlnethefit^otistiKtuisnt  piarts-  toward*  omxsiBite  -  poles^ 
09  Todfisi  i]i)o{]rpdsiteiS(^atekv  Ifshofi  ii6Kt>i^efer^6  j^meicirotiirn* 
sta(nGB]^i^*ati(*^myvhaT«ihitErl6a^  witl^'tk^ffolllvlaindi^ffldig*. 

^  Thes^iriraytpdrtlydikve  be^of >ii  mfedhanKalfnatofei+^^la^, 
or  otberr  ^ecBrtby'oK^oamt^Iatibhs  in^lenefSts^bm  vii^l^  fd^nlk^g; 
intermediates  poles^  have  tonet^dthe  tivoidGdr  oltfae  incital  jft 
given  directions,  and  thus  produced^  defK^sittonsi^of^^r^;' ill 
Tarious  parts  of  the  fissures^  short  of  the  mostdeddfedl»^  cfteetm^ 
negative  rock.  Suppose,  for  instance,  that  ^dnie  general  teh* 
dency  of  the  electric  currents  at  any  plaee^  ^nrereftow^rdib^the 
granite  g  g'y&g  35,  Plate  V,  but  that  the  contrdctiaftrof  ithe 
lode  or  hssure,  ewatd,  and  the  accumulation  ^of  eavtJvy  miM" 
ter  there,  checked  the  transmission  of  the  mete^ls^o/ndlichyds 
to  produce  a  deposition  of  them  in  the  wider  |)Brt  of  the  fiBsuvef, 
the  result  might  be  a  btinch  of  ore>  9.1  fy  coom^ctdd  rwithitbe 
small  vein  or  strings et  rf.  .  m  .  .  ,    >  ^    ^  ;m  v 

There  are  other  causeii  of  an  eleotricel  orx^eiliicaiiiJEk^toe^ 
which  may,  in  eonoe  instances;  have-hada:  powet^iii^ttdnoe 
in  determining  the  relative  positions^ef  min^al'dep0ai4^.ooi<: 

It  is  well  known  that  tin  in  solutidn  hapa(«ibi)iig^{&nit;^for 
oxygen,  and  will  rd|)idly  aUract  it  ham  tbeatmoisp^E^d^k^m- 
ing  with  itaninsdinble  peroxide;  andthetuie,  niiby  p^urtljpftafVfe 
arisen  the  ciroumstatioe  of  this  metd^^bein^  ctovmoMjsibu^ 
near  the  surface,  on  the  back  of  copper  Ilode6,iajid«n^orei€it 
less  intermixed  with  "  gossan."  This  property  ofi  still  is^iefifis, 
moreover,  to  account  for  its  occurring -inopet  dispersed  than 
copper,  and  upon  the  whde>  rather  JetSsecinfiDDmjabl^iB/itB 
positions  to  general  rules.  ^      f   /   .    .In    .jj 

Solutions  of  iron  have  also  a  tendency  do  Abscnbioxygen 
from  the  at»K)sphere,  and  to  form  an  insehible  OKHls,t^rp!B 
ochre;)  but  it  is  very  inferior  to  tin  in  this  re8pi9o|j;i>alDdiiliiiB 
circttiABtanci&'^nifity  be  «nothei^  »easonfwbyi*^,gos8an"(ii  *hot 
found  ^^mtfa^'ba^  of  tin  lodes,  8ii}Cid'tbe  si^eerior  jdEuilj^fof 
th^  liktfi^i^tnetal'foyi^ygeni  when  in  soktliiob^twoiAdjnaiil^^^ 
interfere  with  th^  absorptioufiof  this  gos^by/iinyiito  ioUasoi^ed 
with  it  '    ■      ■   '    '  V    *  «■  .  ...-M.,     ,  '}  »  ^  .  s.  .:•:      .  .ff 

It  iINo  be  inferred,  from  what  I  have  b^re  stated^  that 
sulphuretted  hydrbgen  might  have  been  abaadajitlygenerated 
by  the  action  of  electricity  on  yellow  ooppeir  ofre,(»reveaion 
iron  pyrites ;  and  it  is  wieU  knowii  that  this;  gas  will  immedi- 
ately throw  down  the  metals,  except- iron,  and  a  lew  others,  in 
the  state  of  sulphurets,  in  the  ovder  of  their  i^^pective  affini- 
ties, and  tin  would  be>  amoi^att  4he  first  to  <be  sopreoipitaled. 
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It  ?;aa^i  pech^p^,  be^.aipagiB*d/fehat>fchis  uer«gei^t  would  have 
precipU;fttedv^e>Bii>t^;(iiiwe,iearik68,  tbr(higio«t  the  whole 
extentof4b(fff(yd».fi#8ttisetBl:fufcikriiaiwtbexei^  that  its 

aetion  ^migfobaT^i  be»0)i¥tli!ybiAuchtccm  ueiajr  the 

part^i  at)  iwhiidjtife itesigewetaAedyif  thererlverei  a  ^uffici^t  sup- 
ply of  metallic  salts  in  solution  in ijhe.same  vicinity,  to  absorb 
it*  Moreover^  dtneennbt  be  doubted^  asliiatebefcnre  remarked, 
thafc  ithe  mBtn^  ««tbstaiioei9  ntusi  hav:e  reacted  an  each  other  : 
thus  a  cottiiderable  accunlulatioB  ofandtectro-positive  metal, 
such  asfainc  oriroao:,  at  an  electxo^negative  rock>  might,  for  a 
time  at  k^yjhave  changed,  or  ifeversed  the  directiouof  the 
cdeettoie  cu?re©}ts.  -  . 

'1  Xhepgewkworpbous  crystals  of  various  kinds,  and  especially 
«l  qiiarttz,.  which  are  of  such  common  odciirr&m^  in  oy r  amines, 
aaffiburd^ddcided'enrfdenceof  reaction.  We  find,  &iar  ^example, 
ther^eilow  sulphuret  of  copper  in  theifodn  Oi&.Jerystals  of  car- 
Jbom^  efiirOn^  .wlfiich  it  must  haveigtaduallyodig^laced;  ocdde 
«iftiik;^iin  (bhe^fiDarm  of  crystals  of  felspar ;;  antirtll^  sulpdbuxet  of 
lead  in  six  sided  prisms, — termed  blue.lead',i-^having  super- 
j»€dedjtlie)jdi08|>hate.of  that  metal.  Figi  52^  Plate ,YlI>.repre- 
sents'b'  ctystal  in  my  pdsse^iouy  the  shaded  part  of  which  is 
blue  leadyahd  the  unshaded  part  trahsliiMmnt  pjbos^ate  of 
lead;  not  yet rdeiQompoi^ed. 

Theap^aijanjce  ctf  another  crystal  in  my  cabinet,  is  shown 
by;fi^j53q-^he, light  part  represent?  pseudo^ihomstooe,  pro- 
jeotiilig  thiraagli>  the  centre  of  a  crystal  of  octohedral  blue 
ihiorj.pait«rf-whidh!  still  remains,  and  is  refwresented  by  the 
shtaded  perrtt.    /    ' 

Fi^.  filv^epreseouts  a  group  of  large  quartz  crystals,  with 
cairyBtali^  o^iron  pyrites  on  one  side,  and  of  copper  pyrites,  on 
the  other,  with  a  line  of  separation  between  them»  This 
cwioos  lEtrvangement'  seems  to  be  due  to  electricity,  and  a 
greet  many  of  these  crystals  were  found  some  time  ago  in  the 
Oonsolidated  mines. 

The  eauuneration!  of  results  of  secondary  action  in  veins, 
might  be  greatly  multiplied,  proving  that  substances  not 
soluble  under  ordinary  circumstances,  have  been  transferred 
into,  andta^en  the  forms  of  other  bodies;  to  say  nothing  of 
the  evidences  of  secondary  action  aiForded  by  the  numerous 
metalliferous  di^vosits,  Which  are  found  in  veins,  s^uated  in 
fossiliferous'  stbata,  and  precisely  resemble  many  of  those 
which  occur  in  the  mines  of  Cornwall.  Can  it  then  be  doubted 
that  many  of  the  phenomena  observable  in  our  mines,  are 
caused  by  similiir  actions  and  reactions; — ^by  such  an  agent, 
in  fact,  as  electricity  is  known  to  be,  seeing  that  time,  and 
power,  on  the  most  extended  scale,  have  not  been  wanting 
for  their  production  ? 
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It  has  been  asked,  why,  if  metallic  deposits  were  produced 
by  electricity,  they  are  found  in  fissure$  or  veins,  rather  than 
in  the  unbroken  parts  of  the  rooks  ?  The  much  mcare  easy 
transmission  of  electricity  through  the  fissures  is  one  reason, 
which  has  been  already  urged,  and  the  coatinual  change  of 
the  water  and  salts  in  them  by  circulaticm,  may  be  referred 
to  as  another ;  since  it  is  obvious 'that  the  moisture  absorbed 
by  the  rocks,  must  always  have  been  in  a  comparatively  stag- 
nant state. 

Many  of  the  cross  veins,  as  has  been  mentioned,  abound 
with  quartz  of  a  fibrous  or  radiated  texture.  Fig.  50, 
represents  a  fragment  of  each  quartz.  At  a,  the  crystals 
of  quartz  point  toward  each  other ;  b  and  rf,  seem  to  be  laminas 
of  killas,  or  chlorite  and  quartz  intermixed ;  at  c,  the  division 
between  the  quartz  appears  principally  to  consist  of  iron 
ochre ;  and  at  e  there  is  a  surface  of  killas  and  quartz  like  the 
outer  walls  of  the  including  vein. 

The  quartz  may  have  been  chiefly  derived  firom  the  deepear 
parts  of  the  fissures,  as  in  the  case  of  lodes,  and  partly> 
perhaps,  firom  the  neighbouring  rocks,  by  means  of  infiltration. 
Its  striated  arrangement  may  be  owing  to  the  sides  of  a  given 
fissure  having  been  in  opposite  electrical  states,  such  as  ar^ 
acquired  by  the  contact  of  conductors,  or  by  the  intervention 
of  a  liquid  between  them ;  i.  e.  the  electricity,  instead  of 
having  passed  longitudinally  through  the  fissure,  may  havQ 
crossed  it  from  one  wall  to  the  other.  This  inductive  state, 
or  tendency  in  electricity,  to  traverse  a  vein  at  right  angles  to 
its  direction,  may,  under  given  circumstances,  oe  produced 
even  in  lodes,  in  consequence  of  the  action  of  parallel  lodes  on 
each  other,  as  will  presently  be  more  particularly  noticed. 

Does  not  the  remarkable  arrangement  which  has  been 
alluded  to,  arising  apparently  from  position,  rather  indicate 
the  existence  of  some  general  laws,  to  which  even  the  direc* 
tions  of  the  joints  of  rocks  may  be  referred?  It  has  been 

1)roved,  that  substances  which  are  considered  the  most  inso- 
uble,may  be  acted  upon,  and  re-arranged  by  feeble,  and  long 
continued  voltaic  action  ;  so  it  is  possible,  that  an  elementary 
arrangement  may  have  taken  place,  even  inxaoi^ttnechanical 
deposits,  and  have  imparted  to  many  rocks,  the  characters 
which  they  possess. 

The  clay  and  disintegrated  portions  of  the  enclosing  rooks 
which  exist  in  some  cross  courses,  and  in  flucans  and  slides, 
are  evidently  of  mechanical  origin. 

Intersections  and  Dislocations  of  Veins, 
Intersections  have  been  supposed  to  afford  certain  evidence 
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of  thfe  relative  agete  of  Vein*;  the  iHtejf^m^tJbmm  having  been 
assnmed  to  have  had  «ii'«n6eri!ol*  V^ri^ifi'^to  ttie  dnte¥secting 
one.  How  fe*  this' distinction  rftait  Big  tnife^ge^ieralljr  speaking, 
I  will  not'twretewdto'detyrriufle^'but  l>thinfe'i^  ean  be  shown, 
that  th^^mta^l^ifbet^of id«e]fi»^tite;;^(6»i»ight  nM,  ^ait  feoin  other 
conifeMeratloti*,  toit)^^tiketi1aat*ivideli'c0bf  iher  rfeknive  ftges  of 
veinsr  €te  **fihfe  ^tloa^^ai^j'Pbdldve^  that  iirmsany  instances, 
i0tdrB«<ititi^>it«s^dws'  hftd;  at' Ifea^W^tttly  aaf^origln  as  those 
which  they  traverse :  how  otherwise  are  we  to  account  for 
many  very  co«iplicated  intersections  which  bccur  in  our 
mines? '  Tofflttstrate  this  point,  fettis'suppose  eWBXadi'n  s, 
fig.  ^,*Ptete  V,  to  represent  small  rents  or  fissures,  co-exist- 
ing in  ojiposite' directions,  and  that'e  tt?  becatne^  gradually 
flltied  with  toechanical,  chemical,  and  electrical  deposits,  and 
n  Wy  with  ftiechanical  deposits  only,  ormiied  with  quartz.  It 
is  evident  that  the  mechanical  deposits;  afnd  eVen  the  quartz 
derived  from  the  circulation  of  the  water,  wOuld  have  a  ten- 
dency to  accumulate  at  the  points  of  intersection  more  rapidly 
than  thei^tals,  &c.,  would  be  deposited  there,  bythe  agency 
of  electricity.  Suppose  both  Teins  simultaneously  to  have 
und^gone  a  subsequent  enlargement  «srep?esented  by  fig.  34, 
thfeit  contents  ■  Would  be  completely  separated  ^t  tt,  and  the 
opfeiiing  #ofeld  be  immediately  filled,  in  part;  by  the  debris  of 
t^e  rodtfif'and  veins ;  whilst  the  descent  afid  circulation  of  the 
water>  w6uld  tend  to  produce  an  early  d^sit Jonr  of  clay  and 
finely  divided  matter,  and  thus  the  intersection  of  the  lode,  e 
tOy  by  the  more  mechanical  cross  vein,  n  s,  would  still  be 
apparent. 

Hence  it  may  be  concluded  that  whien  veins,  crossing  each 
other,  becomSB  expanded,  the  softer  and  more  mechanical  vein, 
will  have  a  tendency  to  intersect  that  which  is  more  crystal- 
line and  finn  in  its  composition.  Thus  we  find  that  tin 
lodes,'  which  are  usually  harder  than  those  of  copper,  are  in- 
tersected by  the  latter;  whilst  both  are,  in  most  instances, 
inlers^eted  by  c*oss -courses,  flueans,  and  slides.  It  seems, 
however,  tiiat  when  copper  lodes  abound  with  clay,  they  often 
mt^seetthe  eross  cotirses.  On  this  principle,  we  are  enabled 
to  ex^ain  the  fafct'of  a  vein,  a,  intersecting  another  6,  at  one 
level,  and  being- itself 'intersected  by  b,  at  another  level. 

The  dislocations,  or  "  heaves"  of  lodes,  may  hft^  been 
sudden,  or  in^^reasied  at'tetervab.  If  a  given  heave  bdcurred 
at,  or  soon -after  ^he  first  formsftion  of  the  cross  fissure,  the 
laminse  or  included  veins,  wonld,  by  their  regularity  and  pa- 
rellalism,  probably  indicate  successive  periods  of  expansion, 
as  shown  in  n  ^'fig.  36,  Plate  V,  and  fig.  50,  Plate  VII,  but  if 
a  dislocation  took  place  when  the  cross  vein  had  attained  its 
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a  little  to  th^  right  in  thfe  'cr6*s  fis^te  n  s,  jand  then  to  have 
resumed:  its  previous  C6tttie.  -This  6a!se  is  only  to  be  distin- 
guished from  a  real  dislocation,  by  its  i^ot  bein§  found  to  ac- 
cord'v^ith  othftr  Ahiftfe,  xnt'hf  \Y\^t^  o^ing  none  in  its  immediate 
neighbouAdo*.'     •       '^   ^   ;  " 

The€rppeaFainei6'(rfii*ffii*^kticWriWiyh^ve  been  also  produced 
ro^fely  bythfe'lettM^g^t^ht'if  Wi'lntetsecting  lode:  thus  let 
063  figr4'r,'  1%*^  VI,  l^i)tls!s6iiit^'e  section  of  a  copper  lode, 
and  •<?  d\  tlifa*  oi  a^ih  IbAe,  tlie  latter' would  seem  to  be  dis- 
locit^as  at'^y;  bythe  opening  of  aS,  in  the  direction  of 
the  d!6t€ed  fines;  ttftet  c  d  was  formed.  The  enlargement  of 
the  iissui^  would  also  be  more  considerable  in  its  vertical,  than 
in-  its  ihcKned^atts:  this  will  be  illustrated  by  comparing  a 
aildifr,'  with  g^,  fig.  47;  commonly,  however,  I  believe  it  will 
be'foiind;  €hat  the  hanging  wails  of  veins  have  subsided  more 
oriesi^,  arid  ^kaggerated  these  phenomena. 

Fig*.  48  tday  represent  a  dislocatio 
nioliod  of  » tnass  of  rock,  as  it  were,  < 
theddttedi&ieii  aft,  represent  the  sec 
per^lodev  ielnd  erf,  of  a  tin  lodie,  in  t 
andsUf^oe^  th^mi  tb  hav^  Mien  ov^r  i 
c'  d\  >  Thfe*  slipping  of  the  waHs  a  6  a 
dest^ojy  t&eir  pai^Ileliisi^,  and  cause  a 
of' the  tin  lode*  as'  at  ef 

i%  will  geAeiully  be  easy  to  ascertain  the  direction  of  the 
motion  which  has  produced  any  given  heaves,  if  other  veins, 
differing  in  their  dip,  occur  in  the  same  neighbourhood. 

l^uslefc%.  ^,  Plate  VI,  be  a  ground  plan,  and  fig.  40,  a 
seetibn^  three>kide9,  one  of  Wliicli  is  vertical,  and  the  other 
two  ^dipping  towardiS  each  other;  and  let  n  $  represent  a  cross 
course,  by  which  they  haVe  been  dislocated.  It  is  easy  to 
perceive,  that  the  phenomena  represented  in  the  diagram,  can 
only  be  accounted  for,  by  a  vertical  ^notion,  as  shown  by  the 
dotted  lines,  fig.  40.  In  like  manner,  figs.  41,  and  42,  clearly 
indicate  a  diagonal  motion  on  one  side  of  the  cross  course, 
in  the  direction  of  one  of  the  lodes;  and  figs.  43  and  44, 
a  borisontal  motion,  all  the  lodes  having  been  equally  heaved. 
Figs.  4ft. and  46^  illustrate  other*  varieties  of  heaves,  the 
single  lines  represent '  the  horizontal  bearings  of  diiferent 
cross  courses,  and  the  d<i)ubte  lines  those  of  lodes  which 
haTO  been  shifted  by  ttie  former.  Now,  as  the  lodes  dip 
in  the  direction  of  the  arrbws,  a  small  subsidence  of  a,  fig. 
45,  and  a  much  greats  onie  of  w,  would  produce  the  effiscts 
observed;  and  so  would,  of  course,  an  elevation  of  a,  and  of 
e.  In  fig.  46,  a  diepressioii  of  e,  and  a  more  considerable  one 
of  b,  or  an  elevation  of  tv^nde,  would  account  for  the  rela- 
tive situations  of  the  dislocated  parts  of  the  lodes. 
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Other  explaBattons-m^ht  evkfently  be  given,  but  it  is^  per- 
haps^ imneeessatoy^to  jeBl«rgex)n  the  subjeet  It  may,  I  ap* 
prebend,  be  remarlKnivthattfae^dieloealionfe  of  the  Teine  in 
ComwaU  do  not,  g«faerally  ^nwaking^  indicatte  thsCt  tUe6e  pbe*- 
iMntnena  are  owihg  tovesticar,  so^aiuoh  as  to  lateral^  or  idhdnig 
motion,  having  'a  greater;  tm  less  degree  of'  dbhquityv 

The  extent  of  heaves  often  seems  to  vary  considerably  at 
dtffieroit  depths.  This  inay  aometimes  be  owing  to  a  cross 
vein  having  split  into  branches  in  descending,  as  in  acaae  at 
Huel  Jewd,  mentioned  to  me  by  Captain  Jeffery^  or  cfaal|^es 
in  the  andeilie  of  the  lodes  may  have  produced  only  an  appo* 
rent  diffisrenoe  in  this  respect. 

The  occurrence  of  large  masses  of  rock  in  veins  which  are 
sometimes  quite  isolated  from  the  strata  or  country,  cannot 
well  be  explained  on  mechanical  principles,  except  on  the  hy- 
pothec of  the  progiMnve  opening  and  filling  of  tho  fissures. 
Let  us  suppose  tilie  vein,  €fa,  fig.  49,  to  have  been  small  at 
first,  and  to  have  been  afterwards  opened  by  some  reading 
force,  in  censeqiience  ofwhiub,  the  mass  m^  became  detached 
from  iht  hangingiside  of  the  fissure,  and  rested  on  the  mineral 
matter  prei^oualy  deposited  in  the  vein:  a  fissure  between ^m.^ 
and  thehaugiDg  ws^,  woaM  be  the  result ;  and  when  this  became 
filled  withnlineral  nuU^sr,  the  mass  m,  would  constitute  Mrbat 
in  Cornwall,  is  termed  a  ^^hor&e/^  and  in  the  nortbof  England^ 
a  ^^  rider  J^  l^ese  ^^  hblrses?'  are  fre^ently  penetratiftd  iA  daf« 
farent  directicHis  by  small  veins  of  quartz,  ore,  &c,tbetoraohs 
frrom  whfieh  l;bey'origiilaited;  having  {nrobably  beem  cali^sd  by 
the  movements -and  pressutie  of  the  snpertncumbent'rocks* 

It  has  been  remarked  tihat  the  mechanical  deposits  nfbaid 
naturally  aeenmulate  in  the  inclined,  rather  than  in  the  more 
vertical  parts  of  fissores ;  which,  as  well  as  the  inferior 
width  of  the  former,  will  sufficiently  account  for  their  beii^ 
genertdly  less  productive  of  am.  Swtoh  mechanical  deposits 
on  the  foot  wall,  which  may  become  in  time,  almost  ineor^ 
porated  with  it,  and  the  giving  way  firom  time  to  time  of  por- 
tions of  both  walls,  but  more  especially  of  the  hanging  one, 
may,  amongst  otiier  causes,  well  explain  why  the  ^indications 
of  them,  are  often  very  undefined,  or  entirely  effiu»d. 

The  small  reins,  <w  la^i^BS  of  diffextetkt  metalliferouB,  or 
earthy  deposits,  induded  within  the  walls  of  a  principal  vein, 
are  frequently  parallel,  but  sometimes  oblique^  with  respect 
to  the  sides  of  the  vein.  The  former  position,  as  I  have  he- 
fore  remarked,  .affords  decisive  evidence  in  favour  of  a  j»:o.- 
gressive  opening  and.  filling  of  the  fissures,,  and  the  latter, 
or  oblique  position  of  the  included  veins,  strengthens  the  hy- 
pothesis, as  it  may  be  attributed  to  th^  having  adhered  to 
one  wall>  in  some  parts,  and  to  the  other  wall,  in  other  parts 
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of  a  fissure^  duringiitsexpansioiv;  or  it  may^  in  soioe  iostaiioes, 
have  b^ea  cattsed  by  craoks  or  reots  across  4he  vedns^  wM(^ 
weFeraftecwards  filledrijp.by  mudesalimattei^^irclay;  see  %b  47^ 
Plalfe  VL^  Aih,  ik>wiUbenotio^that  theindicatioiis4>£  in-^ 
eluded  Yeins^  ore  ^yery  iodiaitiaicty  oirin^  to  the  offset  ^f<iU&^ 
turbance/Un4er  grest  ^essape,  and  to  the  inetal8>  veactiDgonr 
each  othetfiEMud  entonn^  intooembinations^  after  their  d^si- 
tion:  wberoaft  ait  iy  J>ajrailel  and  oblique  veins  ase-  lepresented 
in  the  lode; 

Having  thne  given  my  views  as  to  the  origin  (^  some  ^  the 
secoofedaary andbrancb fiiasures,  I  shall  next  endeavdnr^  to^ae^* 
eount  for  the  deposition  of  ore  in  them>  even  when  they  h«^ 
pen  to  be  almost  tat  right  angles  to  the  prevalent  bearinigi  of 
the  lodes. 

I  havefowad  by  experiment^  that  when  the  oret  contained 
in  Iwa  parallel  copper  lodes  are  conneetedby  wires^  the  eleo^ 
tiicity  ^anemitted  through  the  latter>  nearly  at  right  angled 
to  the  direotion  of  the  lodes^  is  often  very  eft^pgetici  If  thei 
fissure'^  hi  £g*36)  ccmtained  water  with  saUa  ia«olution,  it 
would  evidently,  like  the  wire,  conduct  the  electricity  between 
f^  andy;  «nd  the  latter  wettld  tend  to  decompose  the  sditsw 
and  d^^ofiit  the  bases  at  the  negative  pole  <x  eictsemitjr  o£  the 
fissure:  and  the  deposition  would  proceed  onward iin>  the  fis^ 
sure>  ^jtillJitiTeciQhed  the  other  extremity,  porovideda  eufficient 
supply  o£}flalta  were  brought  un^r  the  eleetric  influence  by 
eitculatioa,.<^  otherwise.  Thie  operation  m^^ht^'howeveiry 
be  checked  hy*  the  aiSOwsLulaticm  of  mechanical  deposes  in  the 
fissure^  or  hy  silica,  or  other  substuices,  some  of  which 
might  have  been  determined  towards  the  eleotaro-^poisitive^pdle. 

On  the  same  principles,  minute  veins  or  broiiiches^  and 
'^  droppers/^  f  which  ramify  in  diffident  directions  from  lodes, 
may  have  been  ^filled  with  ore^  &c.  These  are  isometimee 
termed  ^^ feeders,'^  becattse  they  are  often  connected  wi*h 
masses  of  ore,  but  they  oughts  perhaps,  rather  to  be  viewed 
as  the  effeets,  tbaa  the  causes  of  the  productiveness  of  lodee 
in  their  vicinity. 

The  small  veins  or  "  leaders^^  of  ore,  which  ^re  often  ob*^ 
served  in  cross  0QUi?ses,  between  dislocated  parts  of  lodss;  (se^ 
amxiib',  fig«36,i  Plate  V*)  may  likewise  be  referred  to  ihe 

♦  It'  is  evident  that  any  of  the  metals  found  in  our  mines,  Which 
might,  at  flrst,  have  been  deposited  in  a  pure  state,  would  quickly 
enter  into  liew  combinations,  when  reacted  upoh  by  copper  and 
iron  pyrites.  IK^e  more  electro-pootive  metals,  such  as  zHft»,tJn, 
iron,  &c*,  weuld  of  eeurse,  be  expoied  to  the^^nflaenee  bf  Mdifye^ 
action  be^e  copfier.   .  •-.<,•,•..,.■ 

+  "  DfOjppers^^  are  ahowu  at  ry x,  and  rf.    F^.  49^  PlateiVU^  . 
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saii^  ktBd^aolkHi^lwtMi6diiith6idiri4ed>p<)itioil8  of  th&  lodeis ; 
and.  when:  tJaa  i  Drbta-d^)  cddssJ  colossi  extends  (bejtoadnthes^* 
iMJundinriflS^^aa it>8teiiatiiB£id  ^des^iit mdy^'have^tieen/sbidepo^* 
silied  fetji  theiiiAu0iiDey:ol)mi^eHdisrt»^l^  coiii^e^^tio^ 

of  the  sieattiMfi8-Qf>diefiagieQ[<^inter»9itioai^^^ 
the  CTOBB.icouiiiesiotpsskake^iid  uoakk  de^e^^'oft-theTnatikrd' 
erf  hranchto-o£itke  lodof.F  <^.  ft  <  --  ,     i .  wj.-t.  i  . ,  .  f,  /  ,  ^  r. » 

The  arnutgenQentofsotn^  of  tlwnletAllie  Teins,  vWith>]rQ»- 
pect  .to  eaeh  otheor^  ia  ioftteL  veiry  temeibaUa ; '  Aus-it  )httppeni^^ 
that  in  those  parts  of  Oomwall  where  oopper  and  im^  are 
ahundAnty  lead^  and  •  some  other  metafo^ :  when  •  th4y  *OQC}xt, 
9»  foimd  prmcipaUy  in  crods  courses^  irhereaa^,  I  a^ehend 
UMU;tiin  some  other  mimiig  districts  where  'Uadf  greaitly  'pte*- 
dosunates  ov^r  cb{^^y  the  £c»*mer  is  in  east  laiid  west  v^int. 
ind  ^e  laiter  in  cross  ^eins ;  bat  I  am  ndt  prepared  -to  «pe^ 
poflitif\rialyion  this  fdiirty  or  to  ky  it  down  asa  rtde.  'If  it 
should  be >0Dnfivfned  by  fiiJDtiier  inqwiry^  the  &ct<in»y  peiiiaqps^ 
be  atttributedto  the^eU  Jcnown  temenoy  which  is^^)b«erdtb]e 
in  pKNrtk)a8  of  any  giv^n  metal,  to  cohere  tMr  beeo^nef  aggregated 
with  otber  portions ofi  thxs^ same  metal  previou^  deposited^ 
and  to  theuiiiflaenDe  (rf  electrical  action^  between  pairall^l 
lodo»  of  otheo*  ineto^ls,  which  hi^^n  to  occu*  ih' any' ^«ace> 
in  the. greatest! abttiidance; 

It  hfiuB  been  ^hser?ed>  that  when  two  lodes  4jf  th^  sam^  deJ 
nominatton)  vmite  at  acute  angles^  either  in  theirstrike  or  dip, 
they  generally  <rontiiiQe' together  for  some  distance,  Bnd  are 
enriched  j#hibt  in'congunctioo.  This  result  is  quite  consistent 
with  the  increased  electrioal  action  naturally  produ<{ed  by  'Ae 
union  of  two  nearly  parallel  currents.  When,  however,  lodes 
cross  each  other  in  their  underlie  at  very  considerable  angles, 
they  are,  it  seems,  usually«inipoisrerished  at  and  near  the  points 
of  intersection.  Now,  if  the  electric  currents  were  in  op- 
posite directions,  in  fissure  so  circumstanced,  this  ought  to 
be  the  result,  bs*  thcv  wodld  tend  to  neutralise  each  other  at 
the  parts  of  intersection;  and  it  is  remarkable,  that  even  now, 
the  electric  currents  seem^  in  most  instances,  to  proc^d  from 
the  eastward  in  lodes  having  a  north  underlie,  and  from  the 
westwacd,  inothenii  baving^a  south  underlie.*  W.  Henwood 
has  recently  pu^bllshiediin  ^^  ^xcrgeon^s  Annals  of  Electricity," 
a  ammiary  4>f 'numerous  obi^etvations  made  by  him,  on  the 
electrieity  of  J  iddeij^^whidit;' f^eA^erMy  speakmg,  show  this 
tendency,  althou^hnnotsl)  constantly  as  those  which  had  pre- 
vioudy^cbme'tin&rqQayaiotiitei^  but' it  is  scarcely  to  be  sup- 
posed that  local  causes  should  not  often  modify  the  direction 
anden^gy  of  iduiehcuErrcntsi  '  j 

*  See  Philosophical  Transactions,  1830,  p.  401. 
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I  am  decidedly  a£<ibe  ^pmibn^ihattb^diectrlMQnAgteUb  ph«<^ 
BomBiia  which  have/hilhevto  tbeea  'detected'  m> mines,  "w'ere 
caci^d  by.  i^ioltaio^:  liather  thaa  h)^  theQrili04elecibrtc>  aetioni  To 
prodiu^etha  *fermerr  1ire:ae{ffl««ibergood<cofnditctferi,->Miiflfa>eBit 
iti«t0k^<fok:inatanoeitb^:atl6SJi>p8i:feKet'>^  «g  ssdlDe 

watCF^f  iBdiBtto^d  ^t^aj^t^  Aeoji  hut-jtbi^eqeath^the  la^t^^  ire 
employ  a  good  conductor,  such  as  afoboi  ©tfimetal^  tminteN 
ri»ptedtihy.an[tin$)di&otro9ii^  Imd.ihesit  one  extremity  of^  it. 
Nowf  iitrihas^beien,  a^eiteiiifid,  -that  the  giieateftt  electrical  ef^ 
feot  W8  ^beerr^diiaiiimed'whea  mas^ea  of  orf,  aepatated  by 
dftyv^aivl Other  impci&ot  condactors^  or  parallel  lodes>  were 
oonn^d^^btv  wiifi^-and  if,  in  a  few  instanees,  oucritnts  were 
detected  wbeit  {different  p£^sof  appaaremtly  continaaiis  masses 
of  ore  were  ao  connected^  it  is  highly  probable  that  they  were 
mpire^wlessr  divided  by  jointa,  which  however  minote,  would 
tend  to  excite  voltate  action,  and  to  produce  eurreata  tbrougti 
th^  vrise,  ba  .being  the  superior  condwctor.  Ncxr  doe»  the  fiiuit 
of  tbedeep^  and  warmer  parts  of  coipper  and  lead  lodes^  baT-t 
ingy  in  BdqstuistancieS)  been  found  eleotro-uiegatiTe>  sdem  to 
accord  wiU)  the  theTmo**eleotrio  i»:opiarfieS' iof  the;  sul^ureta 
of.  these  metalis^  which  sure  rendered  eleotscHposkive  by  hkati 
Uptptoj  tj^t  wbokj, .  it  i9>  probfable,  ftonl  the  lioompairatiyeliy  small 
difference  of  temperature  between  theiexireikiities'ofany  per^ 
£&0tly,ciw4i)niOuaipaa$s  of'  core  in  ourlodesy  that>tkeikiflu«hce 
oftthier^jtit^lefifcricity,  is  too -feeble  to  be.  easily  deteetedby 
QfdiMry  me9i»»;  or  at  cmyxate^  it  ixMist.be  considered  oaholdi 
iog  ■  ^r  yexY  ^eicondaty  place  iindeed^  in  poroducing  the'  ^ctno« 
magueticphenonxelia  which  have  been  observed-  in  mines* 

Recapitulation, 

In  the<  theocetieal  part  of  this  paper,  I  bave>  amongst  other 
things,  ei^deavQjured  to  shows*— 

1 ,  That  admitting  the  origin  of  mineral  veins  to  have  been 
derived  iro^iissures  in  the  eii^;  .there  is  reason  to  believe 
that  tie  latter  may  have  been  produced  i  by  differef^cavses> 
and  jat  various  intervala;  alao4ha^  niA&y  of  tkem  hove  been 
enlan^ed  &om  tini«  ito  time*  i    :         .  '  --       .  i- 

2*  That  the  aoci^mulatito  of  .ipineral  depdsits  in  sisoh-fie^ 
suf ^9  has  been  UkQwisa  pvog^*e$«ve;' and  <  that  Ithe  evidences 
afforded  by  the  rfiseroUanoeof  .tJba  vein  atones  to  the  sev^cd 
enclosing  rocksy^an^  the  arreia^mefcita  and  fluhdivisions  of  the 
contents  of., veins,  ,?lire^deciid^y'in  iavo»r;pf  both  these  con* 
elusions;  ii>depQnden^ly;  of. other  airguGftenta>  based  on  me*^ 
chaaioal  priaqipjes*. 

3.  That  the  phenomena  of  veins  aeem  toi  indicate  thatmany 
of  the  fissures  penetrated  to  a  gpreat  depth^  .and  into  regions 
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di  very  high  temperature ,  and  that  consequently  the  water 
which  they  contained  must  have  circulated  upwards  and  down- 
wards with  greater  or  less  i-apidity. 

4*  That  since  the  solvent  power  of  water  seems  to  increase 
in  «ome  ratio  to  the  augmentation  of  its  temperature,  it  is  ob- 
vious that  it  would  tend  to  dissolve  some  substances  at  a 
great  depth,  which  it  would  deposit,  more  or  less,  in  the 
course  of  its  ascent  through  cooler  portions  of  water;  and 
also  in  consequence  of  its  partial  evaporation  on  reaching  the 
surface. 

5.  That  a  part  of  the  earthy  contents  of  veins,  and  more  es- 
pecially silica  or  quartz,  was  apparently  accumulated  in  this 
mftmater,  and  usually  combined,  more  or  less,  with  matter 
otherwise  deposited. 

6.  That  rocks,  clay,  &c.,  containing  diflferent  saline  solu- 
tions, and  metalliferous  substances,  in  contact  with  water, 
charged  in  many  instances,  with  other  salts,  were  calculated 
to  produce  electrical  action ;  and  that  this  action  was  probably 
much  increased  by  the  circulation  of  the  water,  and  difierences 
of  temperature ;  but  more  particularly  by  the  existence  of  com- 
pressed and  heated  water,  metallic  bodies,  &c.,  at  or  near  the 
bottom  of  the  fissures. 

7.  That  since  the  water  in  the  fissures  containing  metallic, 
or  earthy  salts,  was  a  conductor  of  electricity,  especially 
when  heated,  and  in  a  very  superior  degree  to  the  rocks  them- 
selves ;  it  is  evident,  that  in  conformity  with  the  laws  of  elec- 
tro-magnetism, the  currents  of  electricity  would,  if  hot 
otherwise  controlled,  pass  towards  the  west,  through  such 
fissures  as  were  most  nearly  at  right  angles  to  the  magnetic 
meridian  at  the  time. 

8.  That  the  more  soluble,  metallic,  and  earthy  salts  may 
have  been  decomposed  by  the  agency  of  such  electric-currents, 
and  the  bases  been  thereby  determined,  in  most  instances, 
towards  the  electro-negative  pole  or  rock  ;  that  tin,  however, 
mider  these  circumstances,  is  only  partly  deposited  at  the 
electro-negative  pole,  and  partly  at  the  electro-positive  pole, 
in  the  state  of  a  peroxide ;  and  that  these  properties  of  this 
metal  seem  to  bear  on  its  positions  in  the  lodes,  with  regard  to 
pi6p^^  being  sometimes  found  with  it,  and  sometimes  dis- 
tincth^separated  from  it. 

'•9*  That  the  position  of  one  rock  with  respect  to  another, 
ol*  td^  &  series  of  other  rocks,  may,  as  well  as  their  relative 
sabnef  or  metallic  contents,  temperature,  &c.,  have  had  a 
ileeided  influence  on  the  deposition  of  minerals  on  them  by 
electrical  agency,  so  that  a  given  rock  may  have  been  electro-- 
pi^ive  in  one  situation,  and  electro-negative  in  another^  in 
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regard  to  other  neighbouring  roc)^^  asr^lpiji^.ii^  quite  oen^^nt 
with  voltaic  phenomena.  ,  ,^  j,  ,  r,  ;>  ,,»,,.  ., 

10.  That  the  evolution  of  ^i^lpburie^teid  hydrpgeiv  ftnd  the 
tendency  oi  spme  metals,  when  ip  $plujtion^  to  absorb  oxygen, 
and  beconve  insoluble,  may,  in  mao^y  j^t$9G(^,  hav/e  int^ered 
with  the  regular  arrangement  of  th^  in^^s>  ^jijiob  ag  electricity 
would  hay^  effected;  and  that  hen<;e,  many  anomalies  may 
have  arisen,  especially  in  relation  tptin.: 

11.  That  the  electrical  reaction  df  the  dififerent  metallife* 
rous  bodies,  and  of  masses  of  ore  on  each  other,  after  their 
deposition  in  the  fissures,  may  have  corrected  such  anomalies 
in  some  instances,  and  that  they  may  have  given  ri9e  to  them 
in  others,  by  changing  the  direction  of  the  electric  currents, 
and  thus  modifying  the  relative  positions  of  the  deposits;  and 
that  the  pseudomorphous  crystds  of  various  desoriptiosis,  as 
well  as  other  phenomena  observable  in  mines,  fully  prove  that 
some  such  secondary  action  must  have  taken  place. 

12.  That  cross  veins  may  have  been  fiilledmeoba|iically,Qr  bv 
the  deposition  of  silica  n:om  a  state  of  sedation,  or  by  both 
these  meana ;  and  that  the  striated  and  radiated  structure  of 
the  qu^tz  may  be  owing  to  the  tendency  of  electricity,  under 
ordinary  circumstances,  to  pass  transversely,  rather  than 
longituoinally,  through  N.  and  S.  veins* 

13.  That  assuming  the  proofs  of  the  pro^ssive  inning 
and  filling  of  lodes  and  cross  veins  to  be  admitted,  itBeems  to 
follow  that  many  intersections  may  have  been  caused  by  the 
more  ready  accumulation  of  clay,  and  other  mechanical 
matter,  and  even  of  silica  from  its  solution,  than  of  the  more 
slowly  formed  metalliferous  or  crystalline  deposits^ 

14.  That  the  frequent  occurrence  of  a  mass  of  ore  in  th«t 
part  of  a  lode  which  is  intersected  by  a  cross  vein;  and  also 
of  small  branches  of  ore  from  a  dislocated  part  of  a  lode  on 
one  side  of  a  cross  vein,  without  there  being  corresponding 
veins  near  the  other  part  of  the  lode>  on  the  opposite  side  of 
the  cross  vein,  afford  strong  evidence  of  the  deposition  of  the 
ore  in  such  cases,  after  the  intersection  took  place ;  and  that 
it  was  accumulated  in  the  E.  and  W,  .vein,,rathw  than  in  the 
N.  and  S.  one,  by  the  influence  of  f^eetro^ma^^tisnL 

15.  That  the  smaU  veins  of  coppa?,  ^pd  tm  ore  which  are 
often  found  in  cross  veins  between,:the  d^^eated  .parts  c^ 
lodes,  and  the  frequent  occurrence  pfmx^rie. considerably  and 
yet,  for  the  most  part,  very  limited  q^^a^litji^siof  these  prea  m 
the  former,  in  the  immediate  vicinity^of  inti^r^ections,.  ate 
additional  arguments  in  favour  of  the.  operatiop»  of  the^ame 
definite  agency.  .   i.  !,.-.    -,  r  , 

16.  That  the  secondary  fissureSj^reaultjuQgJrQii^  tbe.craok^ 
ing  off  of  larger  or  smaller  masses  of  the  hanging  sides  of 
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veins^  may  have  been  partly  filled,  in  many  infltances,  by  the 
electric  acticm  of  different  portions  of  ore  on  emt^  other ;  and 
t^at  seccMsdary  lode«  may  nave  been  fimned  at  right  an^es  to 
parallel  E.  and  W.  lodes,  in  cooseqncnce  of  the  recipiocal 
action  of  the  latter. 

17.  That  many  other  j^nomena  of  mineral  veins,  indiiding 
those  of  a  mechanical  character,  such  as  the  occurrence  ^ 
horses,  heaves,  &c.,  appear  to  be  capable  of  satis&ctory 
explanation  on  the  principles  which  have  been  laid  down« 

Conclusion. 

Imperfect  and  limited  as  is  our  acquaintance  with  mineral 
veins,  enough  is  known  to  excite  our  admiration  o!  the  order 
and  fitness  which  prevail  amongst  them. 

We  observe  that  many  of  the  most  useful  metals  are  the 
most  abundant : — and  the  fact  that  they  are  g^i^rally  confined 
to  certain  veins,  and  to  certain  portions  of  them  Vmly,  is 
perhaps,  of  greater  import,  than  we  might  at  first  suppose : — 
for  had  they  been  disseminated  in  the  strata,  or  even  dispersed 
throughout  all  mineral  veins,  the  labour  required  to  obtain 
them,  would  have  rendered  them  practically  useless : — or  had 
they,  on  the  other  hand,  been  much  more  concentrated,  their 
rapid  exhaustion  might  entail  incalculable  injury  on  future 
generations. 

Again,  we  remark  that  few  metals  are  found  in  a  native 
state,  and  those  very  sparingly; — were  it  otherwise,  there 
is  good  reason  to  believe  that  their  electric  action  andreacti<m 
would  have  been  so  energetic,  that  some  of  the  electro-positive 
metals  could  not  have  been  permanently  deposited.  Had  the 
metals  generally  existed  in  combination  with  oxygen  or  acids, 
their  electric  action  would  have  been  reduced  to  a  minimum 
quantity ;  in  which  case,  many  metallic  and  other  solutions, 
might,  from  being  but  partially  decomposed,  have  found  their 
way  to  the  surface,  and  impregnated  the  springs  with  their 
deleterious  qualities.     Sulphur  appears  to  be  the  only  com- 

S^nent  which  enables  metals  to  effect  all  the  required  con- 
tions,  and  this  proves  to  be  the  combination  in  which  they 
most  fi'equently  occur.  It  has  already  been  mentioned  that 
such  of  the  metallic  sulphurets  as  conduct  electricity,  are 
highly  electro-negative,  and  that  their  reciprocal  action,  in 
most  instances,  is  so  nearly  in  equilibrio,  as  to  prevent  consi- 
derable changes ;  nevertheless,  they  seem  to  possess  sufficient 
electric  activity  to  act  upon  other  bodies,  and  to  decompose 
saline  solutions  which  may  be  exposed  to  their  influence : — 
and  who  knows  how  important  such  electrical  filtration  of  the 
ascending  water  may  be,  to  organic  existence  at  the  sur&ce 
of  the  earth  ? 
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S6Bff«)fi»fft}i^c|Mir<  Connies  lippMr  to  M  ehsiimk.  fee  cm 
Acting"  fhrwftt^f^  tattl«^ff<iiiftQrelrt<'dddc8>  ^  and  ^li)»  fliieaii 

'^ffNifPtirayGlg^  df }idMp4tiido\diiQhilji90uM  Uitheritiae*  aiiead 
mining  operations^  whilst  at  the  same  tiiw8>  tbdy  eB^t^le  the 

'^^ht^ato^^fiffO/^^etl^ihiLii^^M^^^  ito'la  inuch 

' '  gi«008Vuli9pth^M  \ifo«Ad  ^cte^>breBpieitioable. . 

^  -  i€^l»i^^rtfigliiJS{#Ktui«iaiid'arF9Qgemea^  of  mineral  ^eins 
undW'thd'Siblu^j  it^^ali  seareely  he  doijibt^  tha4  the  endos- 
mose  and  exosmose  process  must  prevail  more  or  less,  within 
the  earth,  and  tend  to  cause  diiferences  in  the  water  level  on 
the  ^€lp{k>6ite>  sides  .of  flucan  courses.  Thi^kiafk^eonoei  af  has 
ibeeoF^biefoare  TecMoked,  may  be  sometimes  everted  inthe  same 
direction,  through  a..8«ries^of  partdlel  cla^^  v^eima,  so  as  to  prp- 
iluee^MMeBsit>e'«levalicms  of  thew^ater^  a^d, thus  afFef)b  the 
ndiiti«e^3»^bti  of;  spittngss.     'Dieare'  fi,x»  go^  grpupds  for 

^.belia«ingdlkatfiomd<Qf  thf  most  ousiouB  ph^6yomeDa  iPCoo^uected 
witfa>ma^i»alibtt^  anid  various  animal  wd  i^eigetable  si^^ions 

•  ^dflpeBOXMi-tJiQOBame'ppooesSy^hieh  is  itself  apparently  a  result 

r  krf  .teieotriiMlf  Bgenoy^* 

hf'A  ISo^iBAiiAkBiBk,  ifitcertain^  thattheraction  ofetetct^icity  is  not 

T.odt£btdi>it09ihe'>  surface  of  the  ^arth^  aud  it  i$  iporathan 

i>f0QlMJifei]D0|frit  is -'inherent  in  all  matter  in  somB  modified 
form  ;  so  that,  should  the  Hand  that  produced  it^  suspend  its 

^o|ftBatioii;lM<'fbrsQne  momeiut,  animal  and  v^ete^bl^  life 

'HiwitUdie-tiiififenially  extingttidhed. 

.  >itIsliBbeiaiflrefadyiaU)Ud^  to  the  property  wbich  water  j)Qs-* 

^sds8e%rtntiomfl(ac(n  with  .all  other  fluids,  to  ascend,  when 
•faebteld,  andto thif  ihfluence  of  this  property,  in  oonj wctiqn  with 

AmR  \c»  W] ^  i / ^^    i  ://i'r;-.f  ...       .    '  ... 

rritatiori  ftilh- 
ame  pi^ineiple, 
^e  an  eleetro- 
the'  action  of 
(ems  to  follow, 
e  external  irri- 

lave  suggested 

ly,  like  eiectri- 

^^5ion"ofjlfc^e 

rehitivft^  ^hdi- 

\  satittfaDtonly 

i.    I'dah^inmo 

;al  cooiiil^Mof 

^  ,  j>erfect.lw4ftpce 

of  forces  thus  induced,  are  to  be  explained. — ^Why  for  iost^uQ^,  is 

silver  when  placed  in  diluted  acid  with  copper,  protected), ,at,^tj[ie 

Vol.  IL— Ab.  9,  JIforcA,  1838.  N  Jyw, 
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the  high  temperature  of  the  interior  of  the  earth  in  the  filling 
of  fissures  with  mineral  deposits.  Thermal  springs  seem  to  be 
also  a  result  of  the  same  causes^  and  it  is  unnecessary  to  en- 
large on  their  uses  to  mankind.  Were  it  not  for  this  law  of 
fluids,  the  great  ocean-currents  which  circulate  between  the 
polar  and  equatorial  regions,  tendins;^  to  equalize  the  tem- 
perature of  the  earth's  surfeice,  would  cease  to  flow,  and  the 
atmosphere  would  be  comparatively  stagnant  and  unfit  for  res- 
piration. 

Evidences  might  be  multiplied,  almost  without  limitation , 
to  show  the  perfect  adaptation  of  simple  general  laws  to  every 
possible  case  in  the  whole  circle  of  creation.  We  can,  how- 
ever, detect  their  existence  only  by  their  effects,  for  our  per- 
ceptions are  far  too  limited,  and  our  comprehensions  too  feeble 
to  understand  the  elementary  constitution  even  of  the  simplest 
form  of  matter.  There  is,  nevertheless,  in  all  nature,  a  har- 
mony of  parts,  and  a  consistency  of  operation,  calculated  to 
excite  our  reverence  and  gratitude  towards  her  Almighty 
Author,  whose  infinite  fore-knowledge  and  goodness  thus 
forcibly  manifest  themselves,  in  the  perfect  adaptation  of  phy- 
sical laws  in  every  existing  circumstance. 

expense  of  the  latter,  which,  under  such  circumstances,  is  acted 
upon  with  increased  ener^  ?-^and  why,  when  iron  ia  substituted  for 
the  silver,  ia  the  previoiuly  eUctro^posUwe  copper,  rendered  electro^ 
negative^  and  protected  by  the  iron ; — and  this  again  by  zinc  ? — In 
such  cases,  an  actual  transference  of  an  electric  fluid  can  scarcely 
be  imagined.  The  fact  of  many  compound  bodies,  which  are  non" 
conductors  of  electricity  when  solid^  becoming  conductors^  when 
fluid^  appears  to  be  in  accordance  with  the  hypothesis  alljuded  to. 
In  the  former  case,  the  poles  may,  perhaps,  be  retained  with  a 
double  force  by  the  components,  so  as  to  prevent  their  inversion, 
whilst  in  the  latter,  the  fluid  particles  may  allow  a  degree  of  fi*ee- 
dom  of  motion  to  the  poles,  and  be  turned  with  them. 

When  I  referred  to  the  circumstance  of  fluids  being  capable  of 
acting  as  voltaic  poles,  pages  32  and  36,  I  omitted  to  mention  an 
experiment  which  I  snowed  to  some  of  my  friends  early  in  the 
autumn.  On  immersing  a  bladder  containing  acidulated  water,  and 
zinc,  in  a  solution  of  sulphate  of  copper,  the  copper  was  deposited 
in  a  pure  state  on  the  surface  of  the  bladder :  hence,  I  conceive, 
that  the  sulphate  of  copper  must  have  acted  as  an  electric  pole,  ana 
been  electro-negative  with  respect  to  the  zinc  from  which  it  was 
separated  bv  the  bladder.  The  fluids  within^  and  without  the  blad- 
der, were  observed,  in  the  course  of  some  weeks,  to  stand  at  very 
different  levels^  the  former  being  five  or  six  inches  above  the  latter, 
although  the  bladder  was  open  at  the  top. 


Digitized  by 


Google 


Mr.  Hare,  on  the  causes  of  Tornado  or  Heater  Spout.  195 


XXXIV.    On  the  Catcses  of  the  Tornado,  or  Water  Spout. 
By  R.  Hare,  M.  D.  &c.,  &c. 

In  July  last,  I  visited  the  scene  of  the  tornado,  which  had 
in  the  previous  month,  produced  so  much  damage  in  and  near 
New  Brunswick,  New  Jersey,  and  heard  it  described  by 
various  witnesses,  and  have  likewise  been  edified  by  the  ob- 
servations made  respecting  its  effects  by  professors  Henry, 
Torrey,  Johnson  and  other  sagacious  and  learned  observers, 
and  especially  thase  of  my  friends,  professor  A.  D.  Bache, 
and  Mr.  Epsy.  Probably  in  no  other  instance  have  the 
effects  of  a  tornado  been  so  faithfully  and  skilfully  traced, 
Itscertained  and  registered.  Professor  Bache  regularly  sur- 
veyed the  path  of  the  devastating  agent,  and  ascertained  the 
bearings  of  the  various  bodies  prostrated  by  it,  so  as  to  make 
several  accurate  plots,*  From  an  examination  of  these,  the 
proximate  causes  of  the  changes  effected,  are  those  of  a  ver- 
tical current  at  the  centre  or  axis  of  the  tornado,  and  of  a 
horizontal  ccmflux  of  the  air  towards  that  axis  from  the  sur- 
rounding space.  Some  trees  appear  to  have  been  thrown 
down  on  the  approach  of  the  hiatus,  both  directly  in  front  of 
it  and  on  either  side ;  some  fell  at  right  angles,  others  ob- 
liquely to  the  path.  Hence  they  were  found,  to  have  a  great 
variety  of  bearings,  but  always  pointing  towards  the  path. 
The  time  of  their  falling,  and  consequently  the  direction 
agreeably  to  the  observations  of  professor  Bache,  appear  to 
have  been  determined  not  only  by  the  extent  of  the  force  to 
which  they  were  exposed,  but  likewise  by  the  strength  of 
their  roots,  or  the  degree  of  protection  afforded  them  by  other 
bodies,  trees  or  houses  for  instance.  On  these  accounts, 
neighbouring  trees,  falling  at  different  times,  had  different 
bearings ;  but  that  they  all  fell  towards  the  point  occupied  by 
the  axis  of  the  tornado  at  the  time  of  their  overthrow,  appears 
to  be  consistent  with  the  facts.  In  one  instance,  both  pro- 
fessor Bache  and  Mr.  Epsy  observed  that  the  post  of  a 
frame  building,  being  dislodged  from  the  stone  on  which  it 
rested,  was  first  moved  towards  the  path  of  the  tornado  in  one 
direction  about  eighteen  inches,  marking  its  course  by  a 
furrow  in  the  ground,  and  afterwards  moved  in  another  direc- 
tion, nearly  at  right  angles  to  the  former,  leaving  a  similar 
indication  of  the  course  in  which  it  had  moved.  Intermedi- 
ately between  the  time  when  the  tornado  bore  in  those  direc- 
tions, the  frame  was  protected  by  a  house. 

*  I  hope  that  these  plots  will  appear  in  this  volume. 
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While  the  phenomena  above  described  suflSciently  indicate 
the  existence  of  a  horizontal  conflux  of  the  air,  that  of  a  ver- 
tical force  was  demonstrated  by  the  transportation  of  the 
debris  of  the  houses  and  trees,  as  well  as  lighter  bodies,  to  a 
great  distance.  A  lady's  reticule  was  carried  seven  miles 
from  New  Brunswick,  and  a  letter  twenty  miles.  The  piece 
of  timber,  technically  called  the  plate,  on  which  the  rafters  of 
the  roof  of  a  meetinghouse  in  New  Brunswick  rested,  was 
carried  nearly  a  quarter  of  a  mile,  and  lodged  in  some  trees 
beyond  the  Raritan.  The  fields,  on  the  other  side  of  that 
river,  were  strewed  with  shingles  torn  from  the  houses  in  the 
town. 

After  maturely  considering  all  the  feicts,  I  am  led  to  suggest 
that  a  tornado  is  the  effect  of  an  electr^ed  current  of  air, 
superseding  the  more  usual  means  of  discharge  between  the 
earth  and  clouds  in  those  sparks  or  flashes  which  are  called 
lightning.  I  conceive  that  the  inevitable  effect  of  such  a 
current  would  be  to  counteract  within  its  sphere  the  pressure 
of  the  atmosphere,  and  thus  enable  this  fluid,  in  obedience  tor 
its  elasticity,  to  rush  into  the  rarer  medium  above. 

It  will,  I  believe,  be  admitted,  that  whenever  there  is  suffix 
cient  electricity  generated  to  afford  a  succession  of  sparks,  the 
quantity  must  be  sufficient,  under  favourable  circumstances, 
to  be  productive  of  an  electrical  current;  and  that  light  bodies, 
lying  upon  one  of  the  electrified  surfaces,  ma]ic  be  attracted 
more  or  less  by  the  other. 

The  phenomena  of  the  rise  and  fall  of  electrified  pith  balls, 
called  electrical  hail,  sufficiently  justify  this  last  mentioned 
statement ;  while  the  continuous  stream  is  illustra^ted  by  the 
electrical  brush,  or  the  blast  of  air  produced  by  a  highly 
electrified  point. 

It  will  also  be  conceded,  that  thunder  and  lightning  are 
caused  by  discharges  of  electricity  between  the  earth  and 
clouds,  analogous  to  those  of  a  Leyden  jar  or  pane ;  the  air 
performing  the  part  of  an  electric  in  place  of  the  glass,  while 
the  cloud  acts  as  a  coating. 

It  follows  that  the  phenomena  above  mentioned  as  liable  to 
arise  between  oppositely  electrified  bodies,  may  be  expected 
to  take  place  between  the  clouds  and  the  earth,  with  effects 
as  much  exceeding  those  pccoduced  by  human  agency,  as  the 
snap  and  spark  of  an  electric  battery  are  exceeded  by  thunder 
and  lightning.  If  in  the  one  case  pith  balls  and  other  light 
bodies  are  lifted,  in  the  other,  water,  tr^es,  houses,  haystacks 
and  barns  may  be  powerfiilly  affected.*     If  from  a  point  elec- 

*  Fig.  55,  Plate  yil,  affords  an  illustration  in  miniature  of  the 
rise  and  fall  of  bodies  situated  between  oppositely  electrified  sur- 
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trified  by  a  human  contrivance^  a  blast  of  air  is  induced ;  it  is 
assuredly  not  unreasonable  to  ascribe  to  the  analogous  elec- 
trical apparatus  of  nature,  aided  by  the  elasticity  of  the  air, 
a  veitical  hurricane.  It  was  undfer  the  well  founded  im- 
pression that  lightning  may  be  superseded  by  a  current,  that 
we  have  been  instructed  by  Franklin,  to  surmount  our  light- 
ning rods  by  metallic  points,  by  which  electrical  discharges 
from  thunder  clouds  are  expected  to  be  conveyed  to  the  earth 
gradually,  which  mi^t  otherwise  pass  in  sparks  of  lightning 
of  a  formidable  magnitude. 

If,  then,  it  be  demonstrated  that  a  continuous  discharge  of 
electricity  may  become  the  substitute  for  lightning,  and  that 
within  the  sphere  of  the  discharge  the  air  may  be  so  lifted  as 
to  counteract  its  gravity ;  it  is  in  the  next  place  only  necessary 
to  advert  to  facts  perfectly  well  known,  in  order  to  point  out 
a  cause  of  acceleration  sufficient  to  account  for  the  weU  known 
violence  of  the  tornado. 

-  At  the  height  of  fifteen  miles,  the  air  has  been  ascertained 
to  have  less  than  <Hie-thirtieth  of  the  d^isity  of  the  stratum 
next  the  earth.  Of  course  this  substratum  would  exercise  a 
force  neariy  equal  to  the  atmospheric  pressure,  or  about 
fourteen  and  a  half  pounds  to  the  square  inch,  in  order  to 
attain  the  space  occupied  by  the  rare  medium,  to  which  allu- 
sion has  been  made.  It  follows  that  if  the  weight  of  the 
superincumbent  air  were  removed  or  coimteracted,  that  the 
inferior  stratum  would  rise  with  explosive  violence. 

While  the  air  is  thus  carried  upwards  by  the  concurrent 
influence  of  ekctrical  attraction,  andthe  reaction  of  its  own 
previously  constrained  elasticity  ;  other  bodies  are  lifted,  both 
by  electrical  attraction,  andthe  blast  of  air  to  which  it  give» 
rise.  Hence  houses  within  the  sphere  of  the  excitement  are 
burst  by  the  expimsion  of  the  air  which  they  contain,  their 

faces,  which  ip  the  gigantic  operations  of  nature,  are  conceived  to 
be  the  exciting  cause  of  the  tornado.  The  phenomena  represented 
by  it  are  designated  in  Pixii's  catalo^e  as  *'  grel6  electrique,"  and 
may  be  thus  explained.  A  metallic  rod  supports  dne  bsul  within 
the  bell  glass,  another  without,  so  as  to  be  in  contact  with  the  knob 
of  another  rod  R,  proceeding  from  the  conductor  of  an  electrical 
machine  in  operation.  The  brass  ball  being  by  these  means  in- 
tensely electrified,  attracts  some  of  the  pith  balls  which  lie  upon 
the  metallic  dish,  in  which  the  bell  is  situated,  and  which  should 
communicate  with  the  cushions  of  the  machine.  As  soon  as  the  pith 
balls  come  into  contact  with  the  electrified  ball,  becoming  simi- 
larly  excited,  agreeably  to  the  general  law  they  recede  from  each 
other  and  are  attracted  by  the  oppositely  electritied  dish.  Reachmg 
the  dish,  they  attain  the  same  electrical  state  as  at  first,  and  are,  of 
course,  liable  to  be  attracted  again. 
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walls  being  thrown  outwards,  and  their  roofs  carried  away ; 
while,  by  the  afflux  of  the  atmosphere  requisite  to  the  resto-^ 
ration  of  its  equilibrium,  trees,  houses  and  other  bodies  are 
thrown  inwards  towards  the  vertical  current,  from  before,  as 
well  as  from  either  side. 

When  once  a  vertical  current  is  established,  and  a  vortex 
produced,  I  conceive  that  it  may  continue  after  the  exciting 
cause  may  have  ceased  to  act.  The  effect  of  a  vortex  in  pro- 
tecting the  space  about  which  it  is  formed,  from  the  pressure 
of  the  fluid  in  which  it  has  been  induced,  must  be  familiar  to 
every  observer.  In  fact,  Franklin  ascribed  the  water  spout 
to  a  whirlwind  produced  by  the  concourse  of  the  atmosphere 
to  a  given  point.  His  hypothesis  was,  as  I  conceive,  un- 
satisfectory,  because  it  did  not  assign  any  adequate  cause  for 
the  concentration  of  the  wind,  or  for  the  hiatus  which  was 
presumed  to  be  the  cause.  This  deficiency  is  supplied,  if  my 
suggestions  be  correct. 

One  fact,  of  which  I  am  myself  a  witness,  cannot  be  ex- 
plained without  supposing  a  gyratory  force.  About  six  feet 
of  a  brick  chimney,  without  being  thrown  down,  were  so 
twisted  on  the  remaining  inferior  portion  as  to  be  left  with 
its  comers  projecting. 

I  have  hardly  deemed  it  necessary  to  advert  to  the  cause  of 
tiie  progressive  motion  of  a  tornado,  since  that  would  appear 
evidently  due  to  the  current  of  the  atmosphere  within  which 
it  may  be  created. 

I  believe  that  the  electrical  excitement  which  gives  rise  to 
atmospheric  discharges  of  electricity,  in  whatever  form  they 
may  occur,  is  usually  ascribed  to  the  chemical  changes  taking 

5 lace  in  the  atmosphere;  especially  the  formation  or  con- 
ensation  of  vapour. 

Another  view  of  this  subject  has  suggested  itself  to  my 
mind.  It  is  known  that  the  atmosphere  acts  generally  as  an 
electric,  while  the  earth  acts  as  a  conductor  of  electricity ; 
and  since  the  electric  fluid  passes  through  an  exhausted 
receiver  with  great  facility,  it  results  that  the  rare  medium 
which  exists  at  a  great  elevation,  is  equivalent  to  another 
conductor.  Hence  it  is  evident  that  there  are  three  enormous 
concentric  spaces,  of  which  that  which  is  intermediate  con-  , 
tains  an  electric,  to  which  the  others  may  act  as  coatings. 
When  the  tendency  of  electric  fluid  to  preserve  an  equilibrium 
is  taken  into  view,  I  believe  myself  justified  in  the  inference, 
that  not  only  the  space  occupied  by  the  globe,  but  the  region 
beyond  our  atmosphere,  or  where  the  air  is  sufficiently  rare 
to  act  as  a  conductor,  must  abound  with  electricity.  Thus 
t^e  atmosphere  is  situated  between  two  oceans  of  electricity. 
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of  which  the  tension  may  often  be  different.  Between  these 
electric  oceans^  the  clouds,  floating  in  the  non-conducting  air, 
must  act  as  movable  insulated  conductors ;  and  from  the  ex* 
citement  consequent  upon  induction,  chemical  changes,  or 
their  proximity  to  the  celestial  electric  ocean,  must  be  liable 
to  be  electrified  differently  from  each  other,  and  from  the 
terrestrial  electric  ocean. 

The  phenomena  of  thunder  storms  may  arise,  from  the 
passage  of  electricity  from  one  electric  ocean  to  the  other 
bein^ .  facilitated  by  an  intervening  accumulation  of  the 
clouds,  or  in  consequence  of  discharges  from  one  insulated 
congeries  of  clouds  to  another  through  the  earth. 

The  aurora  borealis  .may  arise  from  discharges  from  one 
ocean  to  the  other  of  electricity,  which,  not  being  concen- 
trated by  its  attraction  for  intervening  clouds  within  air  suffi- 
ciently dense  to  act  as  an  electric,  assumes  the  diffuse  form 
which  characterizes  that  phenomenon. 

Falling  stars  may  consist  of  electric  matter,  in  transitu 
between  one  portion  of  the  celestial  electric  ocean  and 
another,  tending  to  restore  the  equilibrium  when  disturbed. 
They  may,  in  fact,  consist  of  electric  matter,  passing  from 
one  mass  of  moisture  to  another;  as  it  may  be  imagined  that 
in  an  expanse  so  vast,  in  which  the  tension  is  so  low,  there 
may  be  a  great  diversity  as  respects  the  quantity  of  moisture 
existing  in  different  parts.  Indeed,  it  may  be  conceived  that 
at  times  the  clouds,  insulated  from  each  other,  may  make 
their  recipi:ocal  discharges  through  the  region  occupied  by 
the  celestial  ocean. 

I  have  been  informed  by  my  intelligent  friend,  Mr.  Quinby, 
who  resided  for  some  time  in  Peru,  at  an  elevation  of  fifteen 
thousand  feet  above  the  level  of  the  ocean,  that  the  clouds  in 
that  elevated  region  are  far  more  electric  than  in  the  lower 
country  of  the  same  latitude ;  and  that,  on  this  account,  it 
was  considered  as  dangerous,  at  times,  to  travel  in  the 
"  sioraSy^  or  table  land.  Possibly  thunder  storms  are  more 
frequent  in  warm  weather,  in  consequence  of  the  greater  ele- 
vation which  the  clouds  then  attain,  and  their  consequent 
approximation  to  the  celestial  ocean  of  electricity. 

Consistently  with  the  hypothesis  which  I  suggested  in  my 
essay  on  the  gales  of  the  United  States,  the  enduring  rains, 
which  accompany  those  gales  are  attributed  to  the  contact  of 
an  upper  warm  and  moist  current  of  air,  with  a  lower  current 
of  the  same  fluid  at  an  inferior  temperature,  and  moving  in  an 
q;>posite  direction.  It  would  follow  that,  on  such  occasions, 
the  electricity  of  the  upper  region  would  be  diffused  among 
the  clouds  within  the  upper  stratum,  without  reaching  those 
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existing  within  the  lower  current.  But  in  such  cases  neither 
stratum  would  be  sufficiently  insulated  and  restricted  in  its 
extent  to  transmit  the  electricity  in  a  concentrated  form^  or 
to  be  liable  to  the  intense  excitement  necessary  to  produce  a 
tornado  or  lightning. 

Facts  and  observations  respecting  the  Tornado  which 
occurred  at  New  Brunswick,  JVew  Jersey,  in  June  last, 
abstracted  from  a  written  statement  rnade  by  James 
P.  Epsy,  m.  a.  p.  s. 

BY   THE   AUTHOR   OF   THE   PRECEDING   ARTICLE. 

The  tornado  was  formed  about  s^ven  and  a  half  miles 
west  of  New  Brunswick,  and,  moving  at  the  rate  of  about 
twenty -five  or  thirty  miles  in  an  hour,  terminated  suddenly  at 
Amboy,  about  seventeen  and  a  half  miles  from  the  place  of 
its  commencement.  It  appeared  like  an  inverted  cone,  of 
which  the  base  was  in  the  clouds,  and  the  vertexupontheearth. 
It  prostrated  or  carried  off  every  movable  body  within  its 
path;  which  was  from  two  hundred  to. four  hundred  yards 
wide.  Trees  which  were  embraced  successively  within  its 
axis  were  thrown  down  in  a  direction  parallel  to  its^  path; 
those  on  either  side  always  pointing  towards  some  point  which 
had  been  under  its  axis.  Houses  ^ere  unrooted,  and,  in  some 
instances,  unfloored;  in  others,  their  walls  were  thrown  down 
outwards,  as  if  burst  by  an  explosion.  There  are  two  facts 
stated  by  Mr.  Epsy,  and  confirmed  by  Professor  Bache,  which 
demonstrate  fully  the  existence  of  an  hiatus.  In  a  house 
which  was  exposed  to  the  vertical  influence  of  the  tornado^  a 
sheet  was  lifted  from  a  bed,  and  carried  into  a  fissure  made 
in  the  southern  wall,  which  subseauently  closed  and  retained 
it.  The  same  result  was  observed  in  the  case  of  a  handker- 
chief, similarly  fastened  into  a  fissure  in  the  northern  wall. 
In  some  instances,  frame  buildmgs  were  lifted  entire  from 
their  foundations.  Joists  and  rafters  were  torn  from  a  house 
and  thrown  down  at  the  distance  frpm  it  of  about  four  hun^ 
dred  yards,  and  in  a  direction  opposite  to  that  in  which  the 
trees  not  lifted  from  the  earth's  surface  were  prostrated.  Of 
course  lighter  bodies,  such  as  shingles,  hats,  books,  and  papers, 
and  branches  and  leaves  of  trees,  were  carri^  to  much 
greater  distances.  There  was  no  general  rain,  but  hail  and 
rain  accompanied  the  fall  of  the  other  bodies.  The  tornado 
lasted,  in  any  one  place,  for  but  a  few  seconds :  the  whole  of 
the  damage  done  at  a  feurm  having  been  accomplished,  as  the 
farmer  stated,  while  he  was  passing  from  the  front  to  the  rear 
of  his  mMision,  so  that,  by  the  time  that  he  reached  the  back 
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door^  there  was  a  perfect  calm.  Meanwhile^  his  house  and  barn 
were  unroofed,  and  all  the  neighbouring  trees  thrown  down. 
The  noise  which  accompanied  the  phenomenon  was  by  every 
witness  described  as  terrific,  being  best  exemplified  by  the 
rumbling  of  an  immense  number  of  heavy  carriages.  Every 
object  in  its  path  was  bespattered  with  mud  on  the  side  toward^ 
that  from  which  it  advanced.  Houses  looked  as  if  roughcast^ 
and  individuals  were  so  covered  with  dirt  as  to  be  disguised. 

Some  thunder  and  lightning  attended  the  tornado.  Some 
trees,  which  resisted  the  onset,  yielded  subsequently;  and 
hence  were  piled  upon  those  which  had  fallen  earlier.  The 
weaker  trees  were  undermost,  and  pointed  in  the  direction  in 
which  the  tornado  approached;  while  the  stronger  were  on 
the  top,  pointing  in  the  direction  in  which  it  moved  away. 

Four  different  places  were  noticed,  where  all  the  trees  lay, 
with  their  summits  directed  to  a  common  centre.  In  the 
middle  of  one  of  these  localities,  the  house  was  imroofed,  and 
the  handkerchief  and  sheet  were  lodged  within  the  fissures  in 
the  walls,  as  already  stated.  The  windows  in  the  same  house 
were  all  broken,  and  much  of  the  glass  thrown  outside.  From 
the  evidence,  Mr.  Epsy  infers  that  the  apparent  height  of  the 
tornado  was  about  a  mile.  He  states  that  there  were,  on  the 
same  day,  two  other  tornadoes  about  seventeen  miles  apart ; 
and  of  which  the  nearest  was  about  the  same  distance  from 
that  of  New  Brunswick.  He  conceives  that  the  phenomena  all 
concurred  to  demonstrate  an  "  inward  motion  from  all  direc- 
tions towards  the  centre  of  the  tornado,  and  an  upward  motion 
in  the  middle."  These  statements  of  Mr.  Epsy  are  confirmed 
by  Professor  Bache. 

One  fact  of  some  importance  has  not  been  mentioned  by 
Mr,  Epsy,  which  was  observed  by  persons  who  were  upon  the 
ground  auring,  or  soon  after  the  catastrophe.  I  allude  to  the 
partial  withering  of  the  foliage  of  those  small  trees  or  shrubs, 
which,  from  their  suppleness,  were  like  the  reed  in  the  fable, 
neither  uprooted  nor  overthrown.  This  unpleasant  effect  wai3 
perceptible  when  I  visited  the  scene.  Each  leaf  was  only 
partially  withered.  As  it  would  be  inconceivable  that  mecha- 
nical laceration  could  have  thus  extended  itself  equably  among 
the  foliage,  a  surmise  may  be  warranted  that  the  change 
was  effected  by  the  electricity  associated  with  the  tornado. 

Concluding  Remarks  by  the  Author  of  the  Article. 

I  ought,  perhaps,  sooner  to  have  acknowledged  that  I  am 
aware  that  it  has  often  been  suggested  that  water  spouts  might 
be  caused  by  electricity ;  but  the  conjecture  has  not,  asfarasmy 
information  goes,  been  heretofore  supported  by  any  satisfactory 
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explanation  as  to  the  mode  in  which  such  a  tremendous  power 
could  arise  from  that  source.  That  I  am  warranted  in  this 
impression^  will^  I  trusty  appear  evident  from  the  circumstance 
that  two  of  the  most  distinguished  among  the  late  writers  in 
the  department  of  science  to  which  the  subject  belongs,  seem 
to  admit,  or  to  demonstrate,  their  inability  to  afford  any  ex- 
planation.     I  allude  to  Pouillet  and  Despretz. 

In  his  treatise  on  metewrology,  Poufllet  introduces  two 
narratives  respecting  tornadoes,  which  were  analogous  in  every 
essential  point  to  that  of  New  Brunswick.  Especially  the 
existence  of  an  hiatus  is  proved  by  the  allegation  that  the 
walls  of  prostrated  houses  were  thrown  down  outwards.  A 
labourer  was  first  urged  forward,  in  the  next  place  lifted,  and 
lastly  overthrown. 

The  learned  and  ingenious  author  concludes  with  these 
remarks. 

"  Comment  cette  puissance,  quelqnefois  si  prodigieuse,  peut- 
elle  prendre  naissance  au  milieu  des  airs?  C'est  une question, 
il  faut  de  dire,  &  laquelle  la  science  ne  pent  faire  aucune  r^ponse 
precise.  De  toutes  les  conjectures  vagues  et  hasard^es,  que 
Ton  pent  faire  sur  I'origine  de  ce  m^t^ore,  la  moins  invrais- 
emblable  est  peut-6tre  celle  que  le  regarde  comme  un  tourbil- 
Ion  d'une  excessive  intensity.  Mais  une  discussion  sur  ce 
point  nous  semblerait.  pr^matur^e;  il  faut  multiplier  les 
observations,  et  constater  avec  plus  de  precision  toutes  les 
circonstances  de  ces  ph^nomdnes." — Elemens  de  Physique 
Experimentale  et  de  Meteorologie,  vol.  II,  p.  727. 

All  the  information  respecting  tornadoes  afforded  by  Des- 
pretz is  comprised  in  the  following  paragraphs,  which  I  quote 
in  his  own  words. 

"  Trombe.  La  trombe  se  montre  en  mer  et  sur  la  terre  ; 
tant6t  elle  semble  sortir  du  sein  de  la  mer,  et  s'^l^ve  jusqu'aux 
nuages;  tantdt  elle  descend  des  nuages  jusqu'd,  terre. 

"  C'est  une  colonne  d'eau  c6niquequitourne  sur  elle-ra6me 
avec  une  grande  vitesse ;  elle  a  quelquefois  jusqu'd,  plus  de 
deux  cents  metres  de  base.  Elle  est  trds-commune  entre  les 
tropiques :  les  navigateurs  passent  rarementpr^s  des  cdt^s  de 
Grmn^e  sans  en  apercevoir  plusieurs. 

**  Les  trombes  produisent  des  effets  terribles ;  elles  d^ra- 
cinent  les  arbres,renversent  les  foibles  habitations,  soul^ent 
les  voitures,  etc. 

^^  On  pent  se  faire  une  id^e  des  trombes  par  les  tourbillons 
de  pouiss^ire  qui  se  forment  tout  &-coup,  en  ^t^,  sur  les  routes, 
et  qui  toument  sur  eux-m6mes  avec  une  grande  rapidity." — 
Traite  Elementaire  de  Physique,  paragraph  656ypage  828, 
par.  C.  Despretz. 
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In  Nicholson's  Journal,  quarto  series,  London,  1797,  vol.  1, 
page  583,  there  is  an  interesting  account  of  some  tornadoes 
seen  from  Nice,  illustrated  by  engravings,  by  M.  Michaud, 
who  appears  to  consider  them  as  the  effect  of  electricity,  and 
infers  that  he  could  produce  the  phenomenon  in  miniature  by 
the  aid  of  a  machine,  as  thunder  and  lightning  are  by  the 
same  means  illustrated.  This  I  have  found  to  be  erroneous, 
as  far  as  my  experience  goes,  and  from  a  cause  which  is, 
agreeably  to  my  hypothesis,  quite  evident.  I  mean  the  absence 
of  the  co-operating  influence  of  the  air  when  emancipated  by 
electric  action  from  the  confinement  arising  from  its  own 
weight. 

The  theoretic  remarks  of  Michaud  are  very  brief,  and,  to 
me,  scarcely  intelligible,  as  he  does  not  inform  us  in  what  way 
he  supposes  the  electric  fluid  to  operate. 

I  have  understood,  since  I  conceived  my  hypothesis,  that 
Becoaria  ascribed  water  spouts  to  electricity,  but  I  have  not 
had  the  advantage  of  learning  by  what  reasoning  he  justified 
his  inferences.  However,  should  it  appear  that  I  have  made, 
through  the  want  of  information,  any  undue  claim  to  priority, 
I  shall  cheerfiilly  do  justice  to  any  philosopher  whose  specu* 
lations  I  may  have  overlooked. 


XXXV.       On  Electro-magnetic  Coil  Machines.    By  Mr. 
J.  C.  Nesbit.     In  a  letter  to  the  Editor. 

Sidney  Street,  Manchester,  Feb.  10,  1838. 
Dear  Sir, 

It  is  with  sincere  pleasure  that  I  take  up  my  pen  to  address 
a  few  lines  to  you,  and  must  apologize  for  not  doing  so 
before,  but  I  have  been  so  very  much  engaged  since  you 
were  in  Manchester,  that  I  have  not  had  time. 

Your  lectures  in  our  Institution  have  induced  many  of  our 
members  to  engage  in  the  study  of  Electro-magnetism  ;  and 
they  have  stirred  up  a  spirit  of  enquiry  and  a  desire  for  philo- 
sophical knowledge,  which  cannot  fail  to  be  attended  with 
beneficial  effects.  When  you  had  been  gone  about  a  week,  it 
struck  me  that  the  reason  why  your  machine  for  giving  shocks 
from  the  secondary  coil,  foiled  in  fastening  any  person  to  the 
handles  when  the  velocity  of  the  wheel  was  great,  was  on 
account  of  an  imperfection  in  the  method  of  making  and 
breaking  the  connexion,  and  not  for  the  reason  you  alleged ; 
namely,  that  when  the  connexion  was  broken  so  quickly 
that  the  polar  magnetic  lines  emanating  from  the  iron  within 
the  thick  coil  met  the  returning  ones,  and  so  neutralized  each 
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other^  and  consequently  produced  no  action  on  the  outside 
ck)il  of  wire. 

I  conceived  if  it  had  been  the  case  in  that  instance^  it  ought 
to  have  been  the  same  with  a  magnetic  electrical  machine ;  but 
the  breaks  in  that  instrument  may  be  made  several  thousand 
times  in  a  minute.  I  accordingly  made  a  machine  with  a  differ- 
ent break  and  which  answers  remarkably  well. 

A  and  B,  fig,  54,  plate  VII,  are  two  brass  pillars  with  nut 
screws.  The  wires  from  the  battery  are  connected  with  the 
pillars  by  putting  the  ends  of  them  into  the  small  holes  in  the 
top  of  the  pillars,  and  they  are  closely  pressed  by  means  of 
the  nut  screws,  so  as  to  form  a  perfect  metallic  contact.  One 
end  of  the  thick  coil  is  connected  to  the  underpart  of  the  pil- 
lar B ;  the  other  end  of  the  coil  is  joined  to  the  pillar  C ;  firom 
thence  a  stout  bent  wire  proceeds  to  the  break  at  K ;  the  wire 
W  proceeds  from  the  metal  axle,  on  which  the  break  is  fixed, 
downwards,  through  the  stand,  and  is  connected  underneath 
with  the  pillar  A,  which  completes  the  circuit.  The  pillars 
D  and  E  are  connected  with  the  two  ends  of  the  thin  wire. 
The  break  which  I  first  employed  was  a  rachet  wheel  the  same 
asY. 

The  inner  coil  consisted  of  400  feet  of  thick  wire,  and  the 
outer  coil  of  1700  feet  of  thin  wire,  and  the  diameter  of  the 
hollow  axis  of  the  bobbin  was  one  inch.  With  a  battery  of 
about  half  a  square  foot  of  surface,  and  with  a  bundle  oivery 
thin  iron  wire  in  the  axis  of  the  bobbin,  the  shock  was  most 
intolerable.  Six  persons  took  hold  of  hands  (having  moist- 
ened them  with  salt  and  water),  and  were  connected  with  the 
handles  X  and  Z.  The  battery  was  in  vigorous  action.  On 
working  the  machine,  its  power  was  such  that  the  persons 
hold  of  hands  found  it  impossible  to  leave  loose,  notwith- 
standing their  utmost  endeavoiu^  to  do  so.  A  very  bright 
spark  is  observed  at  the  break,  and  it  is  a  deal  larger  than 
when  there  is  no  wire  in  the  axis  of  the  bobbin.  The  otily 
feult  of  this  first  break  was,  that  it  made  a  great  noise  fi-om 
the  spring  and  catch  of  the  thick  wire  on  its  teeth.  To  re- 
medy this,  a  piece  of  brass,  about  twice  the  thickness  of  a 
penny-piece  and  about  two  inches  in  diameter,  had  eight  holes 
a  quarter  of  an  inch  in  diameter  each,  drilled  in  it  at  equal 
distances  near  the  circumference :  these  were  plugged  up  with 
hard  wood,  it  was  then  put  into  a  lathe  and  turned  until  the 
wood  and  brass  were  nearly  equal.  It  was  also  slightly  ^ooved 
round  the  circumference  to  receive  the  wire  from  the  pillar  C. 

This  break  answered  all  my  expectations;  there  was  no 
noise,  and  the  shocks  were  as  strong  as  ever.  A  little  oil  put 
on  the  break  diminishes  the  friction  and  still  allows  the  cur- 
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rent  to  pass.  The  groove  of  the  break  must  occasionally  b^ 
rubbed  with  sand  paper,  llie  use  of  mercury  is  also  com- 
pletely superseded  by  the  brass  pillars,  which  answer  as  well 
or  better. 

On  the  whole  I  think  that  the  above  is  one  of  the  best  forms 
the  machine  is  capable  of  taking.  The  break  can  be  applied 
to  any  other  arrangement  as  well  as  to  this. 

I  remain^  my  dear  Sir, 

Yours,  very  truly. 
To  rV.  Sturgeon,  Esq.  J.  C.  NESBIT. 

Ansxoer  to  Mr.  JSTesbit^s  letter. 

My  Dear  Sir, 

It  gives  me  much  pleasure  to  hear  that  my  Lectures  have 
been  so  useful  to  the  members  of  your  Institution.  The 
beauties  of  Electro- Magnetism,  and  Magnetic  Electricity, 
only  want  to  be  made  known  by  demonstrative  experimental 
illustration,  to  become  generally  and  duly  appreciated.  There 
are  no  phenomena  more  interesting,  nor  more  deserving  the 
attention  of  the  cultivators  of  science  than  those  embraced  in 
these  two  kindred  branches.  But  it  is  to  be  feared  that  much 
of  their  beauty  and  simplicity  have  been  obscured  by  the  un- 
necessary habiliments  of  mystery  with  which  they  have  been 
clothed,  even  where  conspicuity  and  clearness  of  illustration 
might  have  been  expected. 

With  respect  to  the  comparison  which  you  make  of  the 
Magnetic  electrical  and  the  Electro-magnetic  coil  machines,  I 
think  you  have  been  led  into  some  error.  The  mode  of  exciting 
the  enclosed  iron  in  the  one,  is  very  different  to  that  of  the  iron 
in  the  other.  In  the  former  instrument  the  excitation  is  by 
means  of  an  already  polarized  magnet;  but  in  the  latter  the 
exciting  magnet,  (the  true  electro-magnet  of  the  inner  coil) 
has  itself  to  be  formed,  before  it  can  possibly  operate  on 
the  enclosed  iron.  Hence  you  will  perceive  that,  with  respect 
to  the  Electro-magnetic  coil  machine,  the  magnetic  exciter 
of  the  iron  has  to  be  called  into  existence  every  time  the 

Srimitive  circuit  is  completed.  This  process  requires  time, 
loreover,  when  it  is  considered  that  the  formation  of  an 
electric  current  also  requires  time,  it  is  probable  that  when 
the  opening  and  closing  of  the  battery  circuit  is  performed 
with  great  rapidity,  the  electric  fluid  never  gets  into  a  full 
current ;  or  if  it  does,  it  has  not  sufficient  time  to  operate  on 
the  magnetism  of  the  iron  to  arrange  it  to  the  full  extent 

The  full  excitement  of  iron,  even  by  a  permanent  magnet, 
also  requires  time ;  and  although  the  strength  of  the  shocks 
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taken  from  a  magnetic  electrical  machine,  appears  to  bear 
some  proportion  to  the  rapidity  with  which  the  machine 
moves,  that  would  be  no  reason  for  supposing  the  magnetic 
excitement  to  bear  the  same  proportion.  When  the  iron 
revolves  rapidly,  the  magnetic  excitement  of  it  is  nothing  like 
so  great  as  when  it  moves  slower.  The  apparent  formidable- 
ness  of  the  shocks  is  no  criterion  of  the  real  power  of  the 
machine.  Much  of  the  sensation  depends  upon  the  rapidity 
with  which  the  discharges  succeed  one  another  in  assailing 
the  person  (grated  on.  Chemical  decompositions,  deflec- 
tions of  a  magnetic  needle,  and  Electro-magnetic  rotations^ 
are  exhibited  to  the  greatest  advantage  when  the  rotation  of 
the  iron  is  at  a  moderate  speed.  A  very  great  velocity  inva- 
riably lessens  all  these  operations. 

Let  me  now  again  call  your  attention  to  the  ESectro-maff- 
netic  coil  with  its  enclosed  iron.  You  tell  me  that  your  mode 
(tf  opening  and  shutting  the  circuit  answers  very  well.  Of 
the  truth  of  this  there  can  be  no  doubt ;  but  you  have  not  said 
that,  by  means  of  it  your  machine  operates  best  with  the 
greatest  velocities  of  the  wheel.  Have  the  goodness  to  make 
a  series  of  experiments  on  this  point,  observing  to  have  a  solid 
cylinder  of  iron  in  the  axis  of  your  coil ;  and  let  me  know  the 
results,  in  your  next^letter.  I  shall  at  all  times  take  a  pleasure 
in  forwarding  your  scientific  enquiries,  and  in  placing  the  re- 
sult of  your  labours  before  the  readers  of  this  Journal. 

Your  ingenious  method  of  covering  wire  for  these  purposes, 
is  highly  valuable  to  all  those  engaged  in  this  branch  of 
science,  and  the  description  of  the  process  which  you  are 
about  to  favour  me  with,  shall  be  immediately  placed  before 
the  readers  of  the  **  Annals."  You  have  not  said  that  the  wire 
of  the  coil  which  you  have  made,  is  covered  in  that  manner ; 
but  if  not,  it  will  be  gratifying  for  you  to  know  that  the  speci- 
men of  wire  which  you  gave  to  me,  whilst  at  Manchester, 
answers  very  well.  Iron  wire,  covered  with  cotton,  such  as  I 
purchased,  will  not  answer  for  making  these  instruments, 
unless  covered  with  varnish.  The  metal  rusts,  and  discolors 
the  covering,  and  would  eventually  destroy  it.  For  permanent 
instruments,  no  wire  seems  so  well  adapted  as  that  of  copper. 

The  motive  for  this  public  reply  to  your  letter  is,  that  the 
hints  which  it  contains  may  possibly  be  of  service  to  others 
who  are  engaged  in  similar  pursuits ;  and  to  encourage  them 
in  bringing  forward  the  fruits  of  their  scientific  labours. 

I  am,  dear  Sir, 

Your*s,  very  truly, 

W.  STURGEON. 
ToMr.J.C.NesUt. 
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XXXVI.  On  the  Electro-magnetic  Machine,  By  G.  H. 
Bachhoffner,  Esq.,  Lecturer  on  Chemistry  to  the  Artists^ 
Society,  Sfc. 

The  important  facts  likely  to  result  from  the  addition  to 
our  stock  of  apparatus  by  the  introduction  of  the  Electro- 
magnetic machine,  must,  1  think,  be  evident  to  every  experi- 
mentalist, either  chemist  or  electrician.  The  age  of  the  old- 
est (now  numerous)  modifications,*  is  I  believe  little  more 
than  a  twelvemonth,  and  when  we  review  the  interesting  phe- 
nomena already  made  known,  it  fully  warrants  our  anticipat- 
ing far  more  important  results  than  have  yet  been  obtained. 

In  the  electro-magnetic  machine  which  passes  under  my 
name,  I  lay  claim  to  no  merit  of  invention  beyond  that  of 
adapting  to  my  own  particular  wants,  a  form,  which  I  find 
to  answer  my  purpose.  If,  in  an  arrangement  of  this  kind, 
we  chance  to  devise  one,  the  construction  of  which  has  not 
been  made  before,  then  I  can  see  but  little  impropriety  in  per- 
mitting the  name  of  the  designer  to  accompany  it.  Exactly 
in  this  situation  stands  the  machinef  in  question;  which,  so 
far  as  I  am  concerned,  will,  I  trust,  suffice  for  the  several  dis- 
putants for  the  priority  of  invention. 

The  theory  of  its  action  at  the  present  time  interests  me 
but  little;  my  aim  being  rather  to  ascertain  its  powers  than 
to  enquire  into  the  cause  of  efiects,  when  those  very  effects 
are  at  present  in  so  crude  a  state.  I  am  therefore  content  to 
take  either  the  theory  of  induced  currents  first  promulgated 
by  Dr.  Faraday,  or  that  of  Mr.  Sturgeon,  in  which  the  phe- 
nomena are  explained  by  the  expansion  and  coUapsion  of 
the  tangential  lines ;  as  it  appears  to  me  they  both  amount 
to  much  about  the  same  aifference,  as  that  existing  be- 
tween the  two  theories  of  electricity,  wherein  the  experi- 
ments in  support  of  the  one  are  readily  taken  up  by  the  other, 
with  a  view  to  the  settlement  of  the  question :  and,  therefore, 
until  we  know  more  of  the  nature  of  the  fluids  (if  fluids  they 
be)  we  are  thus  so  freely  speculating  upon,  I  am  quite  content 
to  rest  in  the  situation  of  a  silent  spectator  until  the  point  shall 

*  The  Rev.  Professor  Callan's  Repeater  may  fairly  be  considered 
as  the  first,  at  least  it  was  from  an  inspection  of  that  instrument  I 
wasledto  uie  construction  of  my  machme. 

f  This  machine  was  exhibited  to  the  members  of  the  Electrical 
Society  both  before  and  a^r  the  chair  was  taken,  at  the  meeting 
held  on  August  6, 1837,  and  was,  I  believe,  the  first  of  the  kind  ex- 
hibited in  public,  the  description  of  which  was  read  to  the  Society 
at  its  meeting  of  the  12th  of  the  same  month. 
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have  been  incontestibly  decided;  at  the  same  time  I  cannot 
but  admit  that.  I  am  strongly  impressed  with  the  idea  of  the 
individuality  of  that  property  hitherto  called  **  Magnetism^" 
which,  according  to  the  celebrated  Ampere,  is  entirely  due  to 
the  action  of  electrical  currents. 

Since  the  introduction  of  this  machine,  I  have  laboured 
diligently  with  it,  from  the  conviction  that  it  will  eventually 
become  a  most  important  instrument  in  analysis,  to  the  almost 
entire  exclusion  of  the  voltaic  battery,  beyond  the  mere  excit- 
ing influence  of  the  primary  current;  but,  hitherto,  I  am  con- 
strained to  add,  that  I  have  not  succeeded  to  my  expectation. 
To  enter  into  the  detail  of  the  several  series  of  experiments 
which  I  have  been  engaged  upon,  would  occupy  too  much 
valuable  space  of  the  Annals;  and  at  the  same  time  tire  its 
readers :  I  shall  therefore  give  merely  the  results,  which  may 
serve  as  a  nucleus  for  other  experiments. 

The  electromoter  employed  demands  our  first  attention. 
This  should  consist,  most  unquestionably  (if  the  instrument  is 
to  prove  of  any  value*),  of  a  single  pair  of  plates.  My  early 
experiments  were  all  conducted  with  one  of  the  small  pot 
batteries  described  in  Vol.  I.,  page  213.  Although  this  an- 
swers very  well,  yet  a  pair  of  plates  arranged  as  in  the  calo- 
rimotor  of  Professor  Hare,  and  charged  with  dilute  acid, 
answers  much  better.  If,  however,  a  continuous  and  steady 
action  is  required,  then  the  former  arrangement  is  decidedly 
preferable.  The  amount  of  exciting  surface  will,  however, 
much  depend  upon  th^  extent  and  thickness  of  the  conductor, 
through  which  the  current  is  intended  to  travel.  That  a  cer- 
tain ratio  will  eventually  be  determined  upon  admits  but  of 
little  doubt,  this  however  has  not,  as  far  as  I  am  aware  of, 
yet  been  enquired  into ;  I  have  made  several  experiments  for 
this  purpose,  but  they  are  not  sufficiently  accurate  to  enable  me 
to  offer  them  to  notice.  The  following  experiment  first  called 
my  attention  to  the  subject.  My  large  coil  contains  about  400 
or  500  yards  of  covered  wire  forming  the  channel  for  the  bat^ 
tery  current.  When  the  small  pot  sustaining  battery  is  con- 
nected with  the  former,  in  the  circuit  of  which  a  rotating  mag- 
net is  placed,  the  latter  will  be  found  to  rotate  but  very  slowly, 
the  length  of  the  conductor  appearing  to  offer  some  resistance  to 
the  direct  passage  of  the  current,  if  such  can  be  admitted  after 
the  interesting  experiments  of  Professor  Wheatstone,  on  the 

♦  The  grand  object  being  that  of  effecting  by  the  aid  of  this  in- 
strument, those  electrolytic  effects  at  present  obtained  from  an  ex- 
tensive voltaic  surface,  when  arranged  so  as  to  afford  what  is  com- 
monly called  InWisky. 
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velocity  of  the  electric  fluid  through  good  conductors ;  if  not> 
I  am  at  a  loss  for  an  explanation  of  the  phenomenon.  Remove 
the  long  coil  and  substitute  one  of  about  150  yards^  the  rota^- 
tions  are  instantly  increased,  accompanied  with  a  more  brilliant 
evolution  of  light  as  the  points  leave  the  mercury. 

Certainly  the  most  interesting  action  displayed  by  these 
machines,  is  that  of  their  electro-chemical  or  electrolytictd 
effects,  although  their  energy  at  the  present  time  is  extremely 
feeble  when  compared  with  any  compound  voltaic  arrange- 
ment however  low  its  intensity.  In  a  paper  read  by  Mr. 
Golding  Bird  at  the  Electrical  Society,  he  stated  that  he  ob- 
tained very  powerful  electrolytic  effects  from  the  secondary  or 
induced  current,  and  that  these  effects  were  considerably  aug- 
mented when  the  bundle  of  insulated  iron  wires,  suggested  by 
me,  were  employed  in  lieu  of  the  bar  of  iron.  That  paper,  I 
see  by  reference  to  the  January  number  of  the  Phil.- Mag., 
is  published  in  that  Journal,  in  which  he  states,  that 
rapid  electrolytic  action  ensues  whenever  the  terminations 
of  the  long  thin  coil  are  arranged  for  that  purpose. 
That  effects  are  produced  by  the  action  of  the  induced 
current,  I  am  well  aware  of,  but  in  all  my  experiments,  instead 
of  being  as  Mr.  Bird  describes  them  (viz.  rapid),  were  so  feeble 
that  it  required,  as  in  the  electrolization  of  water,  almost  the 
aid  of  a  lens  (let  the  primitive  current  be  ever  so  powerfuT),  to 
ascertain  their  existence.  This  statement  is  not  drawn  from 
mere  off-hand  experiment,  but  is  the  result  of  many,  several 
of  which  have  been  carried  on  for  hours,  and  in  some  cases,' 
days  together.  These  results  are  certainly  in  opposition  to 
the  generally  supposed  action  of  so  powerfiu  a  current  of  elec- 
tricity, as  evinced  by  its  physiological  effects,*  if  the  one  bears 
any  relation  to  the  other. 

The  electrolytic  effects  which  I  have  obtained,  have  always 
been  from  the  battery  or  primary  current,  bearing  in  mind 
also  that  such  have  been  produced  by  the  exciting  influence  of 
a  single  pair  of  plates ;  of  course  the  employment  of  a  com- 
pound battery  would  in  this  case  defeat  the  object.  In  fact 
the  electrolytic  energy  of  every  compound  series  that  I  have 
tried,  is  greatly  reduced  by  the  introduction  of  a  coil  of  any 
extent  of  wire,  such  as  200  or  300  feet  into  the  circuit.  This 
feet,  was,  I  think,  distinctly  proved  in  a  paper  which  I  had 
the  honour  to  read  before  the  members  of  the  Electrical  So- 
ciety, wherein  the  fact  was  tested  by  experiment.   The  action 

*  Does  the  natural  quantity  of  electricity  peculiar  to  the  animal 
economy,  contribute  in  any  way  to  the  augmentation  of  these  effects, 
for  the  whole  quantity  I  snould  presume  is  in  motion,  when  the  body 
forms  part  of  tne  circuit? 
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of  the  coil  is  in  this  respect  very  singular,  for  while  on  the  one 
hand  it  reduces  the  energy  of  a  compound  circle^  it  on  the  other 
elevates  a  sinde  pair  of  plates  however  small/  to  the  position 
occupied  by  the  former. 

The  mode  which  I  employ  for  obtaining  these  effects^  is  as 
follows  : — Two  wires  branch  off  from  that  part  of  the  battery 
circuit  where  contact  is  intended  to  be  broken ;  then  by  sud- 
denly throwing  the  whole  of  the  current  circulating  m  the 
battery  and  coil^  through  the  electrolyte^  which  is  readily  done 
by  breaking  contact^  the  decomposition  is  effected.  In  all 
my  expmments  the  effects  produced  by  this  mode  of  manipu- 
lation,  are  by  no  means  inconsiderable.  Thus  when  one  of  the 
small  pot  batteries,  before  mentioned^  is  employed,  it  appears 
as  near  as  I  can  estimate,  to  be  very  little,  if  any,  inferior  to 
10  pairs  of  WoUaston's  plates  charged  with  salt  and  water. 

The  calorific  effects  seem  to  depend  upon  the  energy  of 
the  electromotor,  and  are  not,  I  consider,  increased  by  the 
introduction  of  the  coil ;  on  the  contrary,  should  the  calorimo- 
tor  employed  be  small  or  only  weakly  charged,  I  have  observed 
a  considerable  decrease  when  the  coil  has  been  introduced. 
The  combustion  of  the  metals  when  reduced  to  the  state  of 
leaves,  receives  on  the  contrary  a  considerable  increase.  This 
perhaps  may  be  rather  i^parent  than  real,  the  brilliancy  of  the 
expenment  being  greatly  increased,  when  the  coil  forms  part 
of  the  circuit,  dependinffupon  the  copious  flood  of  light  evolved 
on  breaking  contact.  The  combustion  and  oxidation  of  mer- 
cury is  also  considerably  increased  by  the  same  means.  Char- 
coal, on  the  ccmtrary,  is  not  much  effected :  thus  if  the  battery 
is  not  capable  of  igniting  the  charcoal  prior  to  introducing  the 
coil,  it  will  not  do  so  when  the  latter  forms  part  of  the  circuit. 
The  introduction  of  the  coil  into  the  circuit  of  a  powerfiil 
calorimotor,  however,  greatly  alters  the  character  of  the  light 
evolved  by  the  charcoal  points. 

The  brilliancy  and  increase  of  the  spark  at  breaking  contact, 
is  a  fact  of  great  intere^,  particularly  when  a  powerful  calo- 
rimotor is  employed,  and  the  spark  taken  from  different  metals, 
the  evolved  liffht  affording  the  peculiar  colour  which  each  pre- 
sent when  undergoing  combustion,  t 

Silver  gives  out  a  greenish  light,  copper  a  blueish  green, 

*  Thus  I  have  obtained  very  decided  effects,  when  only  the  cele- 
brated thimble  battery  of  Dr.  Wollaston  was  employed  as  the  elec- 
tromoter. 

-f  In  these  experiments,  it  is  necessary  to  employ  friction,  in 
order  that  slight  portions  of  the  metal  may  be  detached  at  each 
break.  These  appear  to  undergo  combustion. 
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lead  a  violet,  and  zinc,  which  is  by  far  the  most  brilliant  (jMro- 
bably  from  the  combustibility  of  the  metal),  a  blueish  whit« 
light ;  the  latter  may  I  think  eventually  be  applied  for  the 
purpose  of  illumination,  instead  of  gas  or  oil,  both  on  the  score 
of  brilliancy  and  economy;  the  scintillations  thrown  off  from 
a  steel  file  are  also  extremely  briUiant  and  interesting ;  steel 
being  far  more  so  than  iron. 

The  spark  when  taken  from  a  solid  body,  as  a  wire  for  in- 
stance, assumes,  when  an  extensive  exciting  sur&ce  is  em- 
ployed, a  very  curious  appearance ;  for,  in  adcKtion  to  the  bril- 
liant  light,  the  latter  is  surrounded  by  a  dusky  red  flame,  dif- 
fering very  materially  frcmi  the  absolute  spark;  this  is  best 
shown  by  holding  the  two  wires,  where  contact  is  intended  to 
be  broken,  in  the  hands,  then  by  briskly  drawing  one  wife 
over  the  other,  pressing  it  firmly  as  it  leaves  the  under  one, 
which  should  terminate  in  a  point.  As  far  as  I  am  enabled 
to  judge,  it  is  this  red  flame*  only  which  ignites  inflammables, 
with  the  exception  of  hydrogen,  the  latter  being  instantly  ig- 
nited by  the  most  minute  spark.  To  illustrate  the  above  by 
experiment,  pour  a  few  drops  of  ether  on  the  surface  of  some 
mercury,  and  take  the  spark  from  the  surface  of  the  latter, 
through  the  ether,  the  mercury  will  become  oxidized,  cmd  at 
the  same  time  appears  to  undergo  combustion,  but  the  ether^ 
if  the  experiment  is  carefully  performed,  will  not  be  inflamed ; 
but  if  the  ether  be  poured  on  a  metal  plate,  or  in  the  bowl  <^ 
a  spoon^  and  the  spark  be  taken  by  briskly  (hrawing  a  wire  over 
it  so  as  to  produce  the  red  flame,  the  ether  is  instantly  ignited. 

I  have  not  been  so  fortunate  as  Mr,  Golding  Bird  in  obtain- 
ing that  decided  electrolytic  action  of  the  secondary  or  induced 
current,  which  he  states  has  been  obtained  by  him.  This  may 
perhaps  be  owing  to  my  unskilful  manipulation ;  but  I  believe 
I  am  not  singular  in  this  misfortune^  for  I  am  not  aware  that 
the  same  effects  have  been  obtained  by  any  other  experimen- 
talist, t  1  think,  if  I  remember  correctly,  Dr.  Faraday  was 
equally  as  unsuccessful  in  his  experiments ;  at  the  same  time 
I  do  not  despair  of  the  instrument  becoming  as  I  before  stated 
of  great  importance  in  analytical  research.  It  is  now  far  su- 
perior to  any  magneto-machine  which  J  have  had  an  <mpor- 
tunity  of  examining,  and  I  should  think  will  ever  remain  so, 

*  I  use  the  term  flame  by  its  similarity  to  the  flame  of  any  com- 
bustible, and  from  its  difference  in  shape,  to  that  of  the  spark;  the 
former  appearing  as  a  brilliant  star,  me  latter  as  a  brush  or  pencil 
of  light. 

+  The  Editor  may  perhaps  remember  having  seen  at  my  house 
during  last  summer,  the  feeble  action  of  the  secondary  current. 
I  havenot  been  able  since  to  increase  that  action. 


Digitized  by 


Google 


212    Mr.  Bachhofiher^  on  the  ekctro-magnetic  machine. 

for  the  effects  of  the  latter  apparatus^  much^  I  should  consider^ 
depends  upon  the  exciting  influence  of  the  magnetism  of  the 
steely  while  these  machines  cannot  be  said  to  labour  under  any 
such  restrictions. 

Mr.  Golding  Bird^  in  his  paper  before  alluded  to^  appears^ 
I  consider^  to  raise  a  very  futile  objection  to  these  machines^ 
simply  because  they  require  turning  ;  we  may  as  well  object  to 
the  electrical  machine^  or  the  air  pump^  by  the  same  rule. 
To  obviate  this  inconvenience,  that  gentleman  has  con- 
Btructed  an  instrument  to  which  he  has  given  the  name  of 
"  magnetic  contact  breaker,"  made  by  Mr.  Neeve,  of  Great 
St.  Andrew's  Street,  Seven  Dials;  from  whom  I  also  obtained 
the  above  instrument.  Now,  one  of  the  principal  points  in 
favour  of  my  machine,  and  which  has  long  been  a  oisidera- 
tum  in  electro-magnetic  apparatus,  is  the  total  absence  of  mer- 
cury connexion,  not  one  atom  of  that  metal  being  required.  In 
the  apparatus  of  Mr.  Bird,  we  have  four  shallow  mercury  cups, 
the  mercury  in  which  is  constantly  undergoing  combustion, 
attended  with  the  volatilization  and  the  formation  of  thick 
coats  of  oxide  on  the  surface.  This  inconvenience  is  at  once 
estimated  by  every  experimentalist.  Again,  his  apparatus 
requires  a  very  nice  adjustment  of  the  poles  of  the  magnets, 
which,  if  at  all  displaced,  immediately  stop  the  action.  The 
instrument  is  certainly  an  interesting  addition  to  our 
stock  of  electro-magnetic  apparatus:  but, in  my  opinion,  falls 
very  far  short,  in  point  of  convenience  and  utility,  of  the  ro- 
tating electro  magnet,  which,  I  believe,  after  the  spur  wheel 
of  professor  Barlow,  was  the  next  self-acting  or  magnetic  con- 
tact breaker  employed.  This  office  it  very  effectually  performs 
without  one  tenth  part  of  the  trouble  of  Mr.  Bird's  apparatus. 

I  have,  however,  a  far  more  important  objection  to  urge 
against  aU  these  self-acting  contact  breakers :  viz. — that  they 
cease  to  act  the  moment  we  attempt  to  estimate  the  electro- 
lytic action  of  the  primary  current ;  and,  therefore,  the  most 
powerful  effects  are  entirely  useless  if  they  are  employed :  for, 
as  I  before  stated,  the  effects  developed  by  this  current,  be 
the  electromoter  ever  so  small,  surpass,  in  an  eminent  degree, 
that  of  the  secondary. 

In  the  arrangement  of  the  coils,  I  have  followed  the  plan 
originally  suggested  by  the  rev.  N,  J.  Callan,  in  the  construc- 
tion of  his  large  electro-magnet.  This  form  was  much  im- 
proved by  Mr.  Sturgeon's  plan  of  coiling  the  same  quantity  of 
wire  in  one  compact  coil,  on  a  reel  or  bobbin,  which  is  the  mode 
I  have  employea :  but  in  no  case  do  I  permit  the  primary  and 
secondary  to  be  in  metallic  contact  with  each  other,  care 
being  taken  to  keep  them  distinct  by  appropriate  insulation. 
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I  have  now  several  of  these  compound  coils,  from  the  size  of 
a  common  cotton  reel  up  to  my  large  one,  which  contains 
nearly  2,000  feet  of  wire,  the  smallest  of  which,  when  excited 
hy  a  battery  of  about  four  square  inches,  communicates  a 
shock  scarcely  supportable,  and  the  primary  current  will  also 
afford  electrolytic  action. 

In  all  my  experiments  I  have  invariably  employed  the  bundle 
of  insulated  iron  wires.  Mr.  Bird  mentions  soft  iron  wires; 
but  I  presume  he  means  covered  or  insulated  wire,  at  least 
such  he  employed  in  his  experiments  at  the  meeting  of  the 
Electrical  Society.*  If  the  wires  be  not  insulated,  very  little 
if  any  increase  of  power  is  obtained. 

I  would  observe  that,  if  the  wires  are  surrounded  by  a 
scroll  of  tinned  iron,  it  is  evident  that  in  that  case  their  ef- 
fects are  entirely  destroyed,  for  the  simple  and  obvious  reason, 
that  they  convert  the  tube  of  tinned  iron  into  a  solid  bar,  or 
what  is  equivalent  to  a  solid  bar  so  far  as  their  action  on  the 
coil  is  concerned:  in  which  state  I  should  consider,  in  accord- 
ance with  the  experiments  of  Messrs.  Barlow  and  Sturgeon, 
an  absolute  decrease  in  power  would  be  the  result.  The  ex- 
traordinary increase  of  power  displayed  when  this  insulating 
l)undle  is  employed  by  itself,  is  a  fact  not  easily  understood; 
for  I  find  the  aggregate  of  the  several  temporary  magnets, 
when  arranged  for  sustaining  weights,  falls  very  far  short 
of  the  solid  bar  commonly  employed. 

The  best  form  of  the  bundle  is  separate  pieces  from  eight 
to  ten  inches  long,  bound  firmly  together  at  each  end.  At 
the  present  time,  these  machines  are  in  the  hands  of  but  few 
experimentalists :  when,  however,  they  become  better  known, 
there  is  every  reason  to  hope  for  very  important  results. 

I  have  tried  several  different  arrangements  of  the 
coil  and  electromoter,  but  do  not  find  that  any  of  them  are 
superior  to  the  mode  before  described.  The  last  was 
that  of  introducing  a  separate  coil  between  each  pair  of  plates 
of  a  compound  battery  of  six  pairs  of  elements,  of  four  square 
inches  :  the  result  gave  no  better  effects  than  the  same  quan- 
tity of  wire  would  do,  as  when  arranged  in  one  compact  coil. 

13,  Aberdeen  Place,  Maida  Hill, 
Feb.  14,  1838. 


*  The  fact  of  my  having  first  introduced  the  insulated  bundle  of 
wires  either  escaped  the  notice  of  Mr.  Bird,  or  was  considered  by 
him  a  circumstance  of  too  trivial  a  character  to  be  mentioned, 
notwithstanding  the  great  increase  of  power  obtained. 
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XXXVII.         Experiments  in    Electro^magnetism.      By 
Charles  G.  Page,  M.D.* 

To  Professor  Silliman. 
Dear  Sir, 
I  noticed  in  the  July  number  of  the  Franklin  Institute 
Journal,  an  announcement  of  the  discovery  of  the  thermo- 
electric spark  by  an  Italian  philosopher,  and  also  the  subsequent 
exhibition  of  the  spark  by  Professor  Wheatstone  to  Faraday 
and  others ;  the  date  of  the  discovery  is  not  given.  On 
referring  to  my  notes  I  find  that  I  obtained  a  spark  in  August 
last,  but  not  the  shock.  The  spark  and  shock  were  both 
obtained  December  2d,,  1836,  and  exhibited  to  a  number  of 
friends,  and  announced  in  your  last  number.  It  appears  that 
the  European  philosophers  have  not  yet  obtained  a  current  of 
sufficient  magnitude  to  afford  a  shock  by  the  multiplier, 
although  they  use  in  the  experiment  a  great  number  of  pairs. 
In  my  experiment  only  a  single  pair  is  used  either  of  bismuth 
and  iron,  bismuth  and  zinc,  or  bismuth  and  antimony,  and  yet 
the  induced  or  lateral  shock  given  by  the  multiplier  is  very 
distinct  by  acupuncture.  The  particular  arrangement  of  the 
thermo-electric  elements  to  produce  such  powerful  effects,  I 
do  not  wish  to  describe  at  present,  as  I  hope  ere  long  to 
announce  it  as  a  substitute  for  galvanic  batteries  in  many 
experiments. 

On  the  disturbance  of  Molecular  forces  by  Magnetism. 

A  short  article  on  this  subject  appeared  in  the  last  number 
of  this  Journal,  under  the  caption  Oalvanic  Music.  The 
following  experiment,  (as  witnessed  by  yourself  and  others  a 
long  time  since,)  affords  a  striking  illustration  of  the  curious 
fact,  that  a  ringing  sound  accompanies  the  disturbance  of  the 
magnetic  forces  of  a  steel  bar,  provided  that  the  bar  is  so  poised 
or  suspended  as  to  exhibit  acoustic  vibrations.  An  electro- 
magnetic bar  four  and  a  half  inches  in  length,  making  five  or 
six  thousand  revolutions  per  minute  near  the  poles  of  two 
horse  shoe  magnets  properly  suspended,  produces  such  a  rapid 
succession  of  (usturbances,  that  the  sound  becomes  continuous, 
and  much  more  audible  than  in  the  former  experiment,  where 
only  a  single  vibration  was  produced  at  a  time. 

On  the  application  of  Electro-magnetism  as  a  Moving  Power. 

Late  in  the  fall  of  last  year,  (November)  I  commenced  the 
investigation  of  this  subject,  not  knowing  that  anything  more 

♦  From  Silliman's  Journal  for  October  1837, 
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had  ever  been  effected  than  what  appeared  in  an  instrument 
before  me  at  that  time^  viz.  Ritchie's  revolving  Galvanic 
Magnet^  which  consists  of  a  horizon  talbar  of  soft  iron  covered 
with  cower  wire,  the  ends  of  the  wire  descending  into  mercury 
cells.*  This  instrument  was  the  basis  of  my  pursuit.  Finding 
that  this  bar  never  attained  its  maximum  velocity,  from  the 
occasional  union  of  the  battery  poles,  I  soon  remedied  this  defect 
by  a  contrivance,  wherein  the  bar  moved  vertically,  and  the 
mercury  cells  were  entirely  independent  of  each  other.  The 
instrument  thus  improved  became  an  interesting  and  useful 
piece  of  apparatus,  and  is  in  fact  the  revolving  interrupter 
described  and  figured  in  the  last  number  of  the  Journal.  The 
stationary  magnets,  instead  of  being  single  contrary  poles,  at 
opposite  sides  of  the  circle  described  by  the  bar,  were  multi- 
plied so  as  to  form  an  entire  circle  of  poles,  with  the  exception 
of  an  inch  on  each  side  between  the  opposite  poles.  The 
magnets  were  short  bars  arranged  in  the  form  of  a  cylinder, 
somewhat  like  the  staves  of  a  barrel,  and  the  poles  not  in  use 
were  united  by  armatures  of  soft  iron.  The  velocity  of  this 
model  was  very  great,  but  I  found  the  scattering  and  oxidation 
of  the  mercury  a  great  inconvenience  and  soon  substituted  for 
it  solid  conductors.  The  wires  on  the  bar  had  their  similar 
ends  united  by  single  wires,  which  were  brought  down  smd 
soldered  by  cylindrical  segments  of  metal,  firmly  fixed  upon, 
but  insulated  from  the  axis.  These  segments  representing 
the  ends  of  the  wires  covering  the  revolving  bars,  were  insulated 
from  each  other  by  pieces  of  horn  or  ivory.  Two  wires  con- 
nected with  the  poles  of,  the  battery  pressing  against  these 
segments  with  a  spring,  fiimished  sufficient  metallic  contact 
to  ensure  the  passage  of  the  galvanic  current  through  the 
wires  from  end  to  end.  As  the  segments  revolved^  they  pre- 
sented opposite  ends  of  the  wires  to  the  fixed  battery  wires 
and  thus  the  poles  were  changed.!  But  the  most  important 
discovery  in  relation  to  the  application  of  this  power,  is  the. 

♦  This  apparatus  is  described  in  Vol.  I.  p.  112,  fig.  32,  Plate  V. 
of  the  Annals  of  Electricity,  &c. 

+  Before  the  appearance  of  the  April  number  of  this  Journal 
(Silliman's,)  in  wnich  Davenport's  machine  was  parUy  described,  I 
addressed  a  letter  to  Professor  Silliman,  to  learn  if  he  was  aware  of 
any  experiments  of  the  kind  hitherto  made.  His  answer  was,  "  the 
best  imformation  you  can  have  on  this  subject,  will  be  embodied  in 
the  coming  number  of  this  Journal."  The  journal  appeared  with  a 
description  of  Davenport's  machine,  but  the  mode  of  making  battery 
connexion  and  changing  poles  was  reserved,  and  until  withm  ashort 
time  since,  I  supposed  that  mercury  was  the  medium.  Finding 
lately  that  he  used  dragging  wires  upon  semizones  of  metal,  I  have 
ecured  the  above  arrangement  to  myself. 
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following,  viz. :  the  admissibility  of  oil  between  the  solid  con- 
ducting surfaces.  After  the  machine  had  revolved  for  a  time, 
I  found  it  necessary  to  free  th^  revolving  segments,  (or  discs 
they  may  be  called)  from  oxide,  even  when  it  was  made  of 
silver,  gold,  or  platinum.  Amalgamating  the  surfaces,  the 
oxide  collected  with  still  greater  rapidity.  It  occurred  to  me 
that  if  the  interposition  of  oil  or  naptha  would  not  interrupt  the 
current,  the  oxidation  of  the  rubbing  surfaces  might  be 
entirely  prevented.  On  trying  oil  I  was  agreeably  surprised 
to  find  that  the  current  was  not  only  not  interrupted  when 
the  pressure  of  the  metals  was  very  slight,  but  that  it  passed 
with  greater  certainty,  and  enhanced  the  operation  of  the 
machine  six  fold.  It  appears  that  oil  more  than  compensates 
for  its  non-conducting  property,  by  keeping  the  surfaces  free 
from  oxide. 

This -discovery  will  prove  of  vast  importance  in  the  labora- 
tory, as  it  will  dispense  with  the  use  of  mercury  in  many 
experiments,  and  prevent  the  constant  necessity  of  amalga- 
mating and  cleaning  conductors.  Having  attained  such  an 
advantage  in  small  models,  I  proceeded  to  the  construction  of 
a  large  one.  The  revolving  bars  are  a  foot  in  length,  and 
weigh  together  ten  pounds.  Thejr  are  disposed  at  right  angles 
on  the  same  axis,  but  revolving  m  opposite  ends  of  the  cylin- 
der of  magnets.  With  steel  magnets  its  power  is  very  great : 
but  with  galvanic  magnets  its  power  is  sufficient  to  carry  a 
machine  for  covering  copper  wire  with  cotton :  and  with  the 
addition  of  more  coils  of  wire,  might  doubtless  be  made  to  turn 
a  large  lathe.  Now  although  it  is  certain  that  machines  of 
this  description  may  be  applied  to  a  considerable  extent,  yet 
it  is  evident  that  their  power  is  limited.  These  and  all  other 
similar  machines  must  be  liable  to  the  same  objection,  that 
their  magnetic  forces  cannot  be  commensurate  with  their  size 
and  weight.  This  objection  I  have  surmounted,  (as  far  as 
theory  and  a  small  model  afford  proof)  by  the  following 
arrangement.  Instead  of  extending  large  bar  magnets  through 
the  whole  diameter  of  the  circle,  I  have  horse  shoe  magnets 
carried  near  to  the  circumference  of  the  circle.  They  are 
arranged  on  arms  or  radii  like  the  spokes  of  a  wheel,  and  both 
poles  of  each  horse  shoe  are  in  operation  at  once.  They  each 
change  their  poles  four  times  in  each  revolution,  and  the 
change  is  effected  as  before  by  revolving  segments  or  discs. 
From  the  great  success  of  a  small  model  on  this  plan,  I  have 
commenced  and  now  nearly  finished  an  engine  on  a  grand 
scale,  from  which  I  expect  great  power.  The  revolving 
apparatus  weighs  nearly  a  hundred  pounds.  If  its  power 
should  be  in  proportion  to  that  of  the  small  model,  it  must 
exceed  one  horse. — Salem,  August  15th,  1837. 
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XXXVIII.  Chemical  Researches  on  Dye:  by  M,  Chevreui>. 

(Extract.) 

Introduction  to  the  third,  fourth,  fifth,  and  sixth  memoirs  of 
these  researches. 

I  propose,  in  the  third,  fourth,  fifth,  and  sixth  memoirs  of 
my  chemical  researches  on  dye,  to  exhibit  the  changes  that 
the  most  general  agents,  such  as  pure  water,  the  atmos- 
phere, the  light  of  the  sun,  and  heat,  can  effect  under  well 
defined  circumstances,  on  several  colored  matters,  fixed  on 
stuflS,  so  as  afterwards  to  discover  the  influence  of  the  simple 
forces,  capable  of  concurring  in  the  production  of  these  effects. 

If  it  be  generally  known  with  what  rapidity  certain  coloring 
matters,  such  as  Indian  saffron,  annotto,  seafiower  or  bastard 
saffi-on,  archil,  &c. ,  change,  when  the  stuflfe  on  which  the  dyer  has 
placed  them  receive,  in  the  open  air,  from  the  direct  light  of  the 
sun ;  nobody  to  my  knowledge,  has  undertaken  to  determine  the 
precise  part  taken  by  the  light  in  these  phenomena  of  altera- 
tions, by  trying  if  it  be  capable  of  producing  it  to  hen  acting 
alone,  to  the  exclusion  of  steam,  and  above  all  of  oxygen, 
which  are  also  two  causes  by  which  the  atmosphere  intervenes 
in  many  phenomena :  nobody,  to  my  knowledge,  has  undertaken 
in  any  other  respect  than  that  I  have  just  considered,  to 
determine,  by  precise  observations,  if  the  same  coloring  mat- 
ter  fixed  on  cotton,  silk,  and  wool,  is  more  changeable  in  one 
case  than  in  the  other. 

It  is  these  researches,  followed  up  in  this  double  respect, 
for  several  years,  that  forms  the  subject  of  three  memoirs." 

Third  Memoir. 

On  th^  action  of  pure  water  on  stuffs,  dyed  with  different 
coloring  matter. 


"G 


(Extract.) 

Water  may  be  considered  in  very  different  views  with 
regard  to  dying, — my  study,  in  this  memoir,  will  be  its  rela- 
tions to  the  dissolving  liquid,  with  stuffe  already  dyed,  when 
it  acts  in  separating  the  coloring  matter  firom  them — in  modify- 
ing or  changing  them. 

W  ater,  at  the  ordinary  temperature,  and  absolutely  deprived 
of  air,  placed  in  contact  with  dyed  stuffs,  can  only  exercise  an 
action  on  those  whose  coloring  matter  is  of  a  nature  to  be 

*  From  the  Comptes  Rendus  hebdomadal  res,  des  Seances  de  I'Aca- 
d6mie  des  Sciences.     Translated  by  Mr,  J.  H.  Lang. 

Vol.  II.— Ab.  9,  March,  1838,  P 
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dissolved  in  it,  whether  entirely,  or  as  is  most  common,  only 
in  part ;  thus  water  would  be  without  action  on  a  stuff  dyed 
with  indigotine,  whilst  it  would  tend  to  dissolve  the  sulpho- 
indigotic  acid  which  would  have  been  applied  on  another 
sample  of  the  same  stuff,  whether  alone,  or  through  the  medium 
of  the  peroxide  of  tin,  alumine,  &c. ;  but  in  any  known  case, 
at  ordinary  temperatures,  pure  water  will  only  tend  to  alter  the 
elementary  compositions  of  the  principles  that  it  can  dissolve, 
at  least,  under  the  circumstances  in  which  the  stuff  itself  is 
not  changed. 

I  have  kept  the  undermentioned  woollen  stu%  in  distilled 
water,  for  a  month,  without  having  observed  any  sensible 
change  : 
Wool  mordanted  with  alum,  dyed  with  woad; 

Wool alum  and  tartar,  dyed  with  woad ; 

Wool alum,  dyed  with  yellow  wood; 

Wool  dyed  with  annotto ; 

Wool-  mordanted  with  alum  and  tartar,  dyed  with  archil ; 

Wool alum  and  tartar,  dyed  with  Brazil  wood ; 

Wool alum  and  tartar,  dyed  with  logwood ; 

Wool alum  and  tartar,  dyed  with  madder ; 

Wool  -—-————  alum  and  tartar,  dyed  with  cochineal ; 

At  the  end  of  three  years,  the  changes  might  be  called 
insensible,  for  they  were  limited  to  a  very  light  red  tint,  which 
the  yellows  assumed,  and  a  very  light  brown  colour  presented 
by  the  logwood.  I  have  every  reason  to  believe  that  this  light 
tint  was  owing  to  the  action  of  the  atmospheric  oxygen  which 
had  penetrated  the  vessel,  although  stopped  up  with  emery, 
and  filled  ;  and  what  seems  to  prove  it^  is,  that  the  same  wool 
dyes^  kept  under  the  same  circumstances,  in  vessels  of  diluted 
hydro-sulphuric  acid,  have  not  changed;  the  yellows  remaining, 
and  the  logwood  violet. 

I  shall  add  to  what  I  have  already  said,  that  afiker  remain- 
ing some  days  in  the  diluted  hydro-sulphuric  acid : 

The  wool,  dyed  with  sulpho-indiTOtic  acid,  was  completely  dis- 
eolored;  it  was  restored  to  blue  in  the  air. 

The  wool  dyed  with  archil^  was  discolored ;  it  was  restored  to 
violet  in  the  air. 

The  wool  dyed  with  Brazil  wood,  was  very  much  weakened  at 
the  end  of  a  month. 

The  preceding  experiments  relate  to  a  case  in  which  the 
weights  of  the  stuffs  dyed,  were  to  the  water  as  1  to  500 ;  but 
I  ought  to  observe,  that  things  might  have  been  otherwise  if 
the  mass  of  water,  in  contact  with  the  stuff,  for  a  certain 
time  had  been  in  quantity  infinitely  great  with  regard  to  it. 
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Fourth  Memoir. 

On  the  changes  that  Indian  saffron,  annotto,  seajlower  or  bas- 
tardsaffron,  archil,  sulpho-indigotic  acid,  indigo,  and  Prus- 
sian hluejixed  to  silk,  cotton,  and  woollen  stuffs,  experience 
from  light,  atmospheric  agents,  and  hydrogen  gas. 

(Extract.) 

FIRST  CHAPTER. — Experimental  Arrangements, 

After  having  fixed  some  silk^  cotton^  and  woollen  stuffs^ 
in  threads  or  pieces,  dyed  with  Indian  saflfron,  annotto^  sea- 
flower,  archil,  sulpho-indigotic  acid,  indigo,  and  Prussian  blue, 
on  pieces  of  pasteboard,  we  exposed  them  so  as.  to  receive  the 
direct  light  of  the  sun,  under  the  seven  following  circumstances: 

1st.  In  a  vessel  in  which  a  vacuum  had  been  made^  and 
which  also  contained  chlorure  of  calcium  ; 

2nd.  In  a  vessel  containing  air,  dried  by  chlorure  of 
calcium. 

3rd.  In  a  vessel  of  air,  saturated  with  steam  ,* 

4th.  In  the  atmosphere ; 

5th.  In  a  vessel,  containing  the  steam  of  pure  water; 

6th.  In  a  vessel  containing  hydrogen  gas,  dried  by  chlo- 
rure of  calcium  ; 

7th.  In  a  vessel  containing  hydrogen,  saturated  with  steam 

Chapter  II. — Results  of  observations,  made  to  determine 
the  changes  that  stuffs,  subjected  to  experiment,  have 
undergone  with  regard  to  light,  atmospheric  agents,  and 
hydrogen  gas, 

I  am  about  to  show,  in  as  many  tables  of  coloring  matters 
as  I  have  examined,  the  changes  that  samples  of  silk,  cotton, 
and  wool,  dyed  with  any  one  of  them,  have  experienced  under 
the  seven  circumstances  mentioned  in  the  first  chapter.*  I 
shall  enumerate  at  the  end  of  each  table,  the  most  remarkable 
facts  that  it  demonstrates. 

To  save  the  reader  the  trouble  of  drawing  from  my  observa- 
tions the  consequences  deducible  therefrom,  I  shall  now 
examine  them  under  the  following  heads : 

1st.  As  regards  the  different  coloring  matters  placed  in  the 
experiment,  compared  with  each  other  in  respect  to  the  same 
stuff,  and  the  same  circumstance  ; 

2d.  As  regards  the  natureof  the  cotton,  silk,  and  woollen 
stuffe  on  which  the  same  coloring  matter  is  fixed,  being  under 
the  same  circumstances ; 

*  These  tables  mil  he  published  in  the  Recueil  des  nUmoires  de  VAca^ 
dSmie, 
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3d.  As  regards  light  and  ponderable  agents,  which  have 
caused  changes  in  the  same  coloring  matter,  fixed  on  a  similar 
stuff,  but  on  samples  placed  under  the  seven  circumstances 
defined  above ; 

4th.  As  regards  the  theory  of  bleaching. 

Chapter  III. — Observations  explained  in  the  second  chapter 
relative  to  the  different  coloring  matters  compared  tcith 
each  other,  having  respect  to  the  same  kind  of  stuff, 
and  similar  circumstance  of  treatment. 

Since,  at  present,  a  great  number  of  mineral  coloring 
matters  are  used  in  dying,  and  that  they  are  frequently  em- 
ployed, and  often  in  conjunction  with  coloring  matters  of 
organic  origin ;  we  must  not  forget  the  extreme  differences 
which  several  of  these  matters  present  to  one  another,  differences 
which  are  opposed  to  any  reconciliation  of  them  to  one  single 
class,  which  was  not  the  case  formerly,  when  but  few  coloring 
matters  were  used  in  dying,  except  those  of  organic  origin  ; 
and  which  distinguished  chemists  arranged  under  the  same 
head,  considering  them  either  as  kindred  species,  or  as  simple 
varieties  of  a  single  kind.  It  is  some  time  since  my  views 
were  first  decidedly  against  such  reconciliations,  which  con- 
found in  one  group,  as  little  elevated  as  is  the  kind,  bodies 
which  difier  both  by  the  number  of  their  Constituent*  elements, 
and  by  their  immediate  composition .  In  short  there  are  ternaries 
of  them,  as  inthe  coloring  principle  of  cochineal,  quarternairesas 
in  indigotine ;  or  such  as  are  considered  as  formed  directly  from 
two  compound  bodies,  such  is  sulpho-indigotic  acid.  Tlie  color- 
ing matters  of  organic  origin,  ao  not  differ  the  least  among 
themselves,  with  regard  to  the  chemical  properties  of  the  most 
elevated  order,  for  if  the  most  part  are  neutral  to  the  reactive 
colors,  some,  such  as  sulpho-indigotic  acid,  possess  a  sensible 
acidity ;  in  short,  as  respects  the  solvents,  we  find  some  that 
by  their  great  solubility  in  water,  seem  to  be  analogous  to  the 
immediate  principles  which  contain  a  notable  quantity  of 
oxygen  in  proportion  to  the  carbon  and  hydrogen,  while 
others  by  their  insolubility  in  water,  and  solubility  in  alcohol 
and  ether,  appear  to  approach  the  greasy  or  resinous  bodies 
in  which  the  carbon  and  hydrogen  are  the  ruling  elements. 

In  considering  the  results  of  my  experiments,  with  regard  to 
whether  the  coloring  matters,  from  the  manner  in  which  they 
have  shown  themselves  individually,  under  the  circumstances 
I  have  placed  them  in,  ought  to  be  ranged  under  a  similar 

*Consi(Urations  gSnerales  sur  V Analyse  organiqiie  et  sur  ses  appli- 
cations. Paris,  1824,  page  167. 
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gender,  (I  do  not  say  species,  because  there  is  luckily,  at 
present,  no  one  who  would  thus  put  the  question),  I  do  not 
doubt  but  the  diversity  of  phenomena  they  have  presented, 
will  be  found  too  great  to  justify  a  reunion  of  this  order ;  but 
whatever  this  diversity  may  be,  it  is  the  great  difference  of 
composition  which  is  essentially  opposed  to  such  a  reconcili- 
ation. 

Indigo,  put  on  cotton,  silk,  or  wool,  is  preserved  in  vacuo, 
although  under  the  influence  of  the  light ;  while  Prussian  blue, 
applied  to  the  same  stuffs,  and  under  similar  circumstances, 
becomes  white. 

Indian  saffron,  applied  to  the  same  stuffs,  changes  in  vacuo, 
under  the  influence  of  the  light,  while  archil  is  similarly 
preserved. 

The  variableness  of  the  coloring  matters  of  organic  origin, 
under  the  circumstances  which  I  have  observed  it,  is  very  dif- 
ferent, relative  to  the  time  necessary  for  it  to  show  itself  to  the 
same  degree,  in  the  different  species  of  these  materials,  because 
conformably  to  a  very  common  opinion,  one  may  be  justified  in 
deriving  therefrom  a  character  common  to  all  these  species,  and 
fit  to  distinguish  them  from  the  uncolored  materials  of  the  same 
origin.  On  the  other  hand,  it  would  be  a  great  error  to  trust  to 
the  stability  of  the  uncolortd  materials,  under  the  circum- 
stances in  which  the  colored  materials  change.  For  among  the 
facts  that  I  can  quote,  there  is  a  remarkable  one,  viz.,  that 
some  fine  card  board,  for  tickets,  and  consequently  covered 
with  sized  paper,  being  exposed  to  the  action  of  the  light  and 
the  atmosphere,  conjointly  with  colored  stuffs,  was  whitened, 
at  the  same  time  that  it  acquired  the  property  of  absorbing  the 
inky  owing  to  the  destruction  of  the  size,  which  rendered  it  fit 
for  writing  on  previous  to  its  exposure  to  the  light  and 
atmosphere. 

If  we  look  for  the  cause  which  has  led  to  the  supposition 
that  the  coloring  materials  of  organic  origin  are  more  change- 
able by  light  (and  we  must  add  after  my  observation,  and  by 
the  ponderable  agents  of  the  atmosphere)  than  the  uncolored 
ones  of  the  same  origin,  we  shall  find  that  in  this  circumstance 
the  alteration  has  been  observed  on  a  coloring  whose  weight 
was  more  or  less  feeble  in  proportion  to  that  of  the  stuff  it 
dyed,  and  that  then  the  coloring  material  could  be  altered,  as 
well  as  a  certain  quantity  of  the  material  of  the  stuff,  without 
the  alteration  of  the  latter  becoming  sensible  like  that  of  the 
former,  the  result  of  which  was  a  discoloration y  a  phenomena 
striking  to  every  beholder. 

This  explanation  connects  several  facts,  which  without  it 
would  want  correlativeness,  if  some  of  them  even  did  not  appear 
to  contradict  others. 
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"  Thus,  indigotine  applied  to  woollen  stuffs,  so  as  to  dye 
them  deep  blues,  which  are  the  tones  of  the  indigotine  gamut, 
almost  exclusively  of  the  use  for  our  garments  of  blue  wool, 
passes  for  one  of  the  most  solid  coloring  principles  we  know  of; 
for  in  fact  (excepting  the  whiteness  which  certain  blue  cloths 
present  on  the  seams,  or  parts  of  the  clothes  exposed  to  fric- 
tion) the  color  of  the  stuff  seems  to  be  the  same  from  the  time 
we  take  it  as  a  new  garment,  until  we  leave  it  off  as  an  old 
one.  However  the  appearance  is  not  the  reality,  for  if  the 
indigotine  form  only  a  light  blue  on  silk,  or  for  a  stronger 
proof  on  wool,  or  even  on  cotton,  this  tint  is  very  quickly 
destroyed  under  the  influence  of  the  light  and  ponderable 
agents  of  the  atmosphere;  consequently,  if  we  only  wore 
clothes  dyed  a  light  blue,  with  indigotine,  we  should  conclude 
that  this  coloring  principle  is  very  changeable. 

If  we  now  consider  that  in  a  stuff  dyed  light  blue,  there 
is  only  a  very  little  indigotine  in  proportion  to  the  weight  of 
the  material  of  the  stuff,  we  shall,  from  what  has  been  abeady 
said,  perceive  how  a  small  quantity  of  indigotine  may  disappear 
without  the  material  of  the  stuff  seeming  to  change  in  its 
tenacity  and  physical  properties,  its  color  excepted.  If  we 
afterwards  consider  that  in  stuff  dyed  dark  blue,  there  is  much 
more  indigotine  in  proportion  to  what  there  was  in  the  light 
blue,  (it  is  not  necessary  that  there  be  much  in  proportion  to 
the  weight  of  the  material  of  the  stuff)  we  shall  perceive  how 
it  is  that  a  dark  blue  cloth  garment  is  unserviceable  before 
the  portion  of  the  coloring  material  that  is  changed  becomes 
visible. 

It  is  by  thus  comparing  the  slowness,  with  which  the  color 
of  the  deep  tones  of  a  gamut  are  weakened,  and  the  rapidity 
with  which  that  of  the  light  tones  of  the  same  gamut  disap- 
pears, that  we  can  explain  the  influence  of  time  on  the  tapes- 
tries of  the  Gobelins,  and  the  carpet  of  the  Savannery,  in 
destroying  the  harmonies  of  the  degradation  of  the  colored 
lights  and  shades,  and  how  it  would  be  necessary,  in  the  tech- 
nical work  of  tapestry,  €Lnd  the  choice  of  models,  to  take  into 
consideration  the  observations  that  I  have  just  made,  to 
attenuate  as  much  as  possible,  an  inconvenience  that  we  can- 
not completely  destroy. 

Chapter  IV. — On  the  observations  demonstrated  in  the 
second  chapter,  loith  regard  to  the  different  nature  of  the 
stuffs,  to  which  a  similar  coloring  material  was  applied, 
taking  care  to  be  under  the  same  circumstances. 

The  opinicm  is  very  generally  professed  that  wool  has  the 
most  affinity  for  cdoring  matter,  whilst  thread  (cotton,  fcix, 
and  hemp)  is  that  which  has  the  least ;  and  it  is  conformably  to 
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this  opinion  that  it  has  been  advanced  in  a  memoir  read  at 
the  Institute^  that  the  object  of  several  practical  operations  in 
dying  cotton  Turkish  r^,  is  to  increase  the  affinity  of  the. 
stuff  for  the  red  material  of  the  madder,  by  combining  with 
an  animal  material,  or  as  it  is  called,  animalising  it. 

The  opinion  which  assigns  to  the  wool  an  affinity  for 
coloring  materials  superior  to  that  of  the  thread,  or  even  silk, 
rests  on  a  system  of  experiments,  resulting  from  some  scattered 
observations  which  relate  to  two  circumstances.  In  the  one 
it  has  been  observed,  the  wool  combines  more  easily  with  the 
coloring  materials  than  the  thread,  or  even  the  silk ;  in  the 
other,  that  the  wool  dye  resists  more  than  the  thread  and 
even  silk,  the  light,  or  more  generally  some  agents  which  tend 
to  discolor  these  stuffs. 

My  observations  take  away  all  generality  from  this 
opinion,  for : 

In  dry  vacuo  the  light  does  not  act  on  the  annotto  fixed 
to  the  cotton  and  silk,  while  it  acts  sensibly  on  that  which  is 
fixed  to  the  wool. 

In  steam,  the  light  changes  the  seaflower  dye  fixed  to  the 
wool  and  silk,  in  a  time  that  the  cotton  which  is  dyed  with  it 

§  reserves  its  rose  color ;  the  only  change  then  visible,  is  a  ten- 
ency  to  violet  in  its  coloring  matter. 

In  steam,  the  light  does  not  change  the  archil  fixed  to 
the  wool  and  silk,  while  that  which  is  on  the  cotton  is  dis- 
colored. 

In  dry  vacuo,  the  light  does  not  alter  the  sulpho-indigotic 
acid  fixed  to  the  silk,  whilst  it  alters  the  same  acid  fixed  to 
the  wool  and  cotton. 

In  dry  air  and  the  atmosphere,  the  alteration  of  the  acid 
fixed  to  the  silk  takes  place,  but  with  much  less  facility  than 
that  of  the  acid  fixed  to  the  other  stuffs. 

Indigo,  fixed  to  the  stuffs,  presents,  under  the  influence 
of  light,  dry  air,  and  the  atmosphere,  precisely  the  inverse 
case  to  that  of  the  sulpho-indigotic  acid,  for  the  former  is  less 
stable  on  the  silk  than  on  the  cotton  or  wool. 

Chapter  V. — On  the  observations  mentioned  in  the  second 
chapter,  relating  to  light,  and  to  the  ponderable  agents 
which  ha/oe  caused  changes  in  the  same  coloring  matter, 
fixed  on  similar  stuffs,  out  on  samples  placed  under  the 
seven  circumstances  described  above, 

1.  Action  of  light. 

When  we  look  on  specimens  of  the  three  stuffs  dyed  with 
indigotine,  archil,  and  seaflower,  those  of  cotton  and  silk,  dyed 
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with  annotto,  and  silk  dyed  with  sulpho-indigotic  acid,  which 
have  been  exposed  to  the  light  of  the  sun,  in  vacuo,  for  two 
years ;  when  I  say,  we  look  on  the  specimens  and  compare  them 
with  their  respective  prior  conditions,  we  are  surprised  at  the 
freshness  and  height  of  the  tone  of  their  colors,  when,  if  we 
call  to  mind  what  is  generally  saidofthechangeableness  of 
sulpho-indigotic  acid,  archil,  seaflower,  and  annotto,  by 
light.  As  to  the  alteration  of  the  Prussian  blue  in  a  white 
material,  I  shall  return  to  that  in  my  sixth  memoir. 

We  might,  at  last,  consider  whether  the  light  would  not 
act  on  the  indigo,  archil,  and  seaflower,  by  prolonging  the 
exposure  beyond  two  years. 

2.  Action  of  ike  lights  and  of  dry  air. 

Light  causes  much  greater  changes  in  dry  air  than  when 
alone  in  vacuo ;  but  the  changes  are  not  equally  determi- 
nate in  all  coloring  matters. 

The  change  is  but  slightly  sensible  on  the  Prussian  blue 
fixed  to  cotton ;  it  is  more  so  when  it  is  on  i^ilk  and  wool. 

It  is  but  little  determinate  on  indigo  fixed  to  wool  and 
cotton,  but  is  more  so  when  fixed  to  silk. 

Sulpho-indigotic  acid  is  but  slightly  weakened  on  silk, 
though  it  is,  considerably,  on  wool  and  cotton. 

Archil  is  destroyed  on  cotton,  but  leaves  a  reddish  trace 
on  silk  and  wool. 

Annotto  is  still  rather  red  on  cotton ;  of  a  feeble  and  onion 
peel  tone  on  silk,  and  completely  destroyed  on  wool. 

The  yellow  of  the  Indian  saffron,  and  rose  of  the  seaflower, 
are  completely  destroyed  on  the  three  materials. 

3.  Action  of  the  lights  and  moist  air. 

Light  and  moist  air  do  not  produce  a  change  on  stuffs 
dyed  with  Prussian  blue  very  sensibly  greater  than  that  of 
light  and  dry  air, — it  is  the  same  on  indigo  fixed  to  wool. 

It  is  also  the  same  for  archil  and  seaflower,  applied  to 
the  three  materials ;  for  annotto  applied  to  the  wool  and  silk 
only,  and  even  for  Indian  saffron  applied  to  the  same  materials, 
excepting,  however,  that  the  silk  dyed  with  Indian  saffion,  is 
of  a  deeper  grey  than  the  samples  exposed  in  the  dry  air. 

Light  and  moist  air,  on  the  contrary,  change  indigo  fixed 
to  cotton,  and  sulpho-indigotic  acid  fixed  to  the  three  materials, 
much  more  than  light  and  dry  air.  The  difference  is  most 
remarkable  on  silk  and  wool. 

Indian  saifron  and  annotto,  fixed  on  cotton,  under  the  in- 
fluence of  light,  are  much  more  changed  in  moist  than  in  dry 
air. 
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4.  Action  of  light,  and  of  the  atmosphere. 

The  action  of  light  and  of  the  atmosphere,  is  nearly  the 
same  as  that  of  light  and  dry  air,  on  Prussian  blue,  on  indigo, 
fixed  to  wool,  and  on  seaflower. 

On  the  contrary,  it  is  stronger  on  indigo  fixed  to  cotton 
and  silk,  on  sulpho-indigotic  acid  fixed  to  silk,  on  archil, 
annotto,  and  Indian  saffron. 

It  is  almost  equal  to  that  of  light  and  moist  air  on  sulpho- 
indigotic  acid,  applied  to  cotton  and  wool,  on  indigo,  applied 
to  cotton  and  silk,  and  on  annotto. 

It  is  stronger  on  archil,  seaflower,  and  especially  annotto 
and  Indian  safiron. 

5.  .Action  of  light  and  steam. 

Light  and  steam  bleach  Prussian  blue  applied  to  the 
stuffs  more  rapidly  than  light  does  : — it  also  produces  a  brown 
deposit  on  the  vessel  containing  the  steam,  which  was  not  the 
case  in  the  vessel  in  which  the  dry  vacuum  was  made.  I  shall 
return  to  this  deposit  in  the  sixth  memoir. 

Light  and  steam  change  Indian  saffron,  annotto  fixed  to  cot- 
ton and  wool,  seaflower  fixed  to  cotton  and  wool,  archil  fixed  to 
cotton,  and  what  is  very  remarkable,  they  only  slightly  weaken 
the  rose  of  the  seaflower  fixed  to  cotton,  and  hardly  at  all 
the  archil  fixed  to  silk  and  wool. 

6.  .Action  of  light  and  hydrogen  gas. 

The  stuffs  dyed  with  Indian  saffiron,  annotto,  seaflower,  and 
archil  undergo  the  same  in  dry  hydrogen  gas  as  in  vacuo.  It 
seems,  therefore,  that  a  pressure,  equed  to  that  of  the  atmos- 
phere, exercised  on  the  dyed  stuffs  by  a  gas  deprived  of  a 
chemical  action,  has  no  mechanical  influence  to  retain  the 
gaseous  elements  of  the  stuf&,  and  we  must  add,  that  it  has  no 
more  influence  than  the  vacuum  to  alter  them. 

7.  Action  of  light,  steam,  and  hydrogen  gas. 

Light,  steam,  and  hydrogen  gas,  give  results  almost  simi- 
lar to  those  given  by  light  and  steam. 

Chapter VI. — Observations  mentioned  in  the  second  chapter , 
regarding  the  theory  of  bleaching. 

To  establish  the  theory  of  bleaching  stuffs,  in  a  precise 
manner^  requires,  necessarily,  two  kinds  of  information : 

1st.  That  which  concerns  the  determination  of  the  kinds 
of  immediate  principles  of  the  stutEs  to  bleach  ;  the  composi- 
tion of  these  principles  and  their  essential  properties ; 
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2Qd.  The  knowledge  of  the  actions  of  the  different  bodies 
employed  in  bleaching  the  stuffs ;  knowledge  which  relates, 
first  to  the  cirumstances  of  lights  temperature^  and  the  pon- 
derable proportions  of  the  reacting  materials^  and  then  to  the 
products  of  these  actions. 

M.  Chevreul  considers  under  these  two  heads^  the  connex- 
ions of  the  experiments  and  observations  mentioned  in  this 
memoir,  with  the  theory  of  bleaching. 

He  shows,  that  excepting  the  stuff  dyed  with  Prussian 
blue,  we  cannot,  by  light  alone,  discolor,  to  perfect  whiteness, 
any  of  the  materials  he  has  examined. 

That  we  can  have  but  little  hope  of  discoloring  to  white, 
in  the  air,  any  but  cotton  dyed  with  Indian  saffiron,  annotto, 
seaflower,  and  archil. 


M.  Chevreul  applies  himself  to  some  reflections  on  the 
applications  of  his  experiments. 

1st.  Regarding  the  proof  of  the  stuffs  dyed,  and  the  con- 
sequences of  this  proof ;  he  gives  as  an  example  of  this  applica- 
tation,  the  fact,  that  indigotic  acid,  so  changeable  on  cotton 
and  wool,  is  more  stable  on  silk  than  even  indigo. 

2nd.  With  regard  to  some  phenomena  which  are  presented 
by  living  beings,  and  the  cause  of  which  is  attributed  to 
light  : 

He  asks  if  air  or  other  bodies  do  not  intervene  in  these 
phenomena,  as  in  those  of  discoloration,  when  a  material 
agent  is  necessary." 


XXXIX.     Electrical  Society  of  London. 

Saturday,  Feb.  3.  A  communication  from  Martyn 
Roberts,  esq.  was  read,  detailing  phenomena  observed  in  tlie 
course  of  experiments  on  the  application  of  galvanism  to  the 
manufactures,  new  to  him  and  seemingly  of  great  interest. 

A  cq^r  tube,  three  inches  long  and  one  inch  in  diameter, 
immersed  in  sea  water,  was  connected  with  one  end  of  a  gal- 
vanometer :  in  the  tube  was  placed  a  rod  of  zinc,  three  inches 
long  and  half  an  inch  diameter,  connected  with  the  other  end 
of  the  galvanometer.  When  the  temperature  of  the  solution 
of  salt  was  56*  Fahr.  the  deviation  of  the  galvanometer  waa 
30' ;  temperature  of  solution  212%  deviation  65'.  Vfhsa 
the  copper  tube  and  zinc  rod  were  immersed  in  rain  water, 
temperature  55%  deviation  was  10';  temperature  210* .  de- 
viation 23' . 
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A  rod  of  iron,  of  the  same  size  as  the  zinc^  was  substituted 
for  it  in  the  sea  water,  the  temperature  of  which  being  56% 
the  deviation  was  15*;  temperature  210%  deviation  41*.  In 
this  latter  experiment^  the  progression  to  the  extreme  heat 
was  noted.  It  i^)peared  to  follow  the  scale  of  an  increase  o( 
one  degree  of  deviation  for  every  five  degrees  of  temperature^ 
except  in  the  deviation  at  210  degrees  temperature,  instead  of 
being  45  degrees  was  only  41.  The  variation  chiefly  aj^ars 
between  the  temperature  of  115*  and  170*^  where  an  iiicreaae 
of  only  3*  is  shown. 

A^'hether  this  was  the  result  of  accident  or  of  any  cause 
overlooked,  cannot  be  determined,  as  Mr.  Roberts  merely 
communicated  facts ;  which,  not  having  been  before  observed^ 
might  possess  some  claim  to  notice. 

Also^  the  second  of  a  series  of  papers  by  Mr.  SturgecHi,  on 
the  various  classes  of  electrical  phenomena  and  their  laws. 
Mr.  Sturgeon's  series  of  papers^  when  completed,  will  appear  in 
the  Society's  Transactions. 

Saturday,  Feb,  17.  Lieut.  Morrison  exhibited  to  the 
Society  his  electrometer,  a  magnetic  needle  suspended  to  a  brass 
pointed  conductor  and  insulated  by  a  glass  cover.  It  having 
been  thought  probable  that  its  action  might  be  thermo-electri- 
cal  or  hy<&o-electrical,  and  not  simply  electrical,  it  was  tested 
by  various  hourly  observations  in  December  and  January  last^ 
by  the  Meteorological  Society. 

An  account  of  these  observations  was  read  to  the  Society, 
detailing  the  states  of  the  thermometer,  barometer,  and  elec- 
trometer, concluding  with  the  opinion  that  the  instrument 
was  affected  simply  by  electrical  influence;  that  it  indicated 
the  quantity  and  intensity  of  the  electric  fluid  present;  its 
state  and  condition ;  and  that  the  ratio  of  deflection  depended 
on  the  state  of  electricity  in  the  atmosphere.  It  was  ques- 
tioned in  the  discussion  which  ensued,  whether  the  instru- 
ment acted  upon  the  principle  of  electro-magnetism,  and  that 
if  wood  or  straw  were  suspended  in  the  same  manner,  whether 
they  might  be  similarly  influenced? 

XL.    MISCELLANEOUS  ARTICLES. 


Description  of  Lieutenant  Morrison's  Magnetic  Electro- 

meter. 

This  instrument  consists  of  a  bell  glass  open  at  both  ends, 
resting,  with  its  wide  end  downwards,  upon  a  wooden  sole, 
whose  upper  side  is  covered  with  a  circular  card,  graduated 
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similar  to  the  card  of  a  compass-box.  The  upper  end  of  the 
bell  glass  is  furnished  with  a  brass  cap,  terminating  upwards 
with  a  brass  ball.  From  the  lower  side  of  the  cap^  hangs  a 
fine  gold  wire  in  the  axis  of  the  glass:  and  to  the  lower 
extremity  of  the  wire,  and  a  little  above  the  graduated  card, 
hangs  a  magnetic  needle.  The  exterior  figure  of  the  instru- 
ment is  tolerably  well  represented  by  fig.  55,  Plate  VII, 
The  diameter  of  the  lower  end  is  about  four  or  five  inches, 
and  the  height  of  the  glass  about  six  inches.  If  the  reader, 
whilst  looking  at  fig.  55,  can  imagine  that  the  ball  and  its 
thick  wire,  are  replaced  by  the  magnetic  needle  and  its  thin 
gold  wire ;  and  that  instead  of  the  ball  on  the  top,  there  is 
screwed  into  the  cap,  a  vertical  wire  about  three  quarters  of  a 
yard  long,  whose  upper  extremity  is  finely  pointed;  we  could 
not  convey  to  him  a  better  idea  of  the  structure  of  the  instru- 
ment. 


Remarks, 


It  will  be  seen  in  our  Report  of  the  London  Electrical 
Society,  that  on  Saturday  night  the  17th  Feb.  1838,  Lieute- 
nant  Morrison  brought  forward  his  magnetic  electrometer, 
with  a  view  of  being  enabled  to  convince  the  meeting  of  the 
utility  of  the  instrument,  and  of  the  extreme  accuracy  of  its 
indications.  Lieutenant  Morrison's  observations  were  prefaced 
by  reading  from  the  *^ Annals  of  Electricity  &c."  an  extract 
from  a  review  of  Mr.  Leithead's  late  work  on  electro-physio- 
logy; wherein  we  have  stated,  that  "as  the  object  of  our  reviews 
is  not  to  find  fault  with  observers,  but,  if  possible,  to  prevent 
future  error,  we  will  merely  say,  that  we  have  seen  the  instru- 
ment by  which  these  observations  were  made,  and  are  perfectly 
convinced  that  neither  the  motions  nor  positions  of  its  ne^nlle 
are  indicative  of  the  electrical  state  of  the  atmosphere."  See 
p.  78  of  Vol.  II.  of  these  Annals. 

In  offering  an  opinion  on  the  character  of  any  instrument, 
we  have  no  fear  of  being  accused  of  disingenuity,  nor  do  we 
suppose  that  our  remarks  on  this,  or  any  other  occasion,  are 
likely  to  be  misunderstood.  It  was  not  our  intention,  whilst 
offering  these  remarks  on  the  instrument  in  question,  to  couple 
with  it  the  name  of  its  inventor;  because  we  could  see  no  pro- 
bability whatever,  of  the  slightest  degree  of  credit  being  deriv- 
able from  its  invention  ;  and  it  is  with  very  great  reluctance 
indeed,  that  we  are  now  obliged  to  return  again  to  that  subject, 
in  order  to  convince  Lieutenant  Morrison,  and  all  others  who 
are  in  favour  of  the  instrument,  that  our  first  observations  are 
perfectly  correct. 
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The  first  time  of  our  seeing  the  instrument  was  at  the  Liver- 
pool meeting  of  the  British  Association,  where  it  was  brought 
before  the  physical  section.  Lieutenant  Morrison  was  asked 
whether  it  operated  on  the  principles  of  electro-magnetism,  or 
on  those  of  common  electricity ;  to  which  question  no  satisfac- 
tory answer  was  given,  and  no  one  present  could  see  any  rea- 
son why  it  should  indicate  any  electric  action  whatever,  any 
more  than  if  furnished  with  a  needle  of  any  other  material, 
such  as  wood,  straw,  quill,  &c.  The  instrument  was  examined 
by  Professor  Lloyd,  Mr.  W.  Snow  Harris,  Mr.  Adams,  and 
by  some  others  whilst  we  were  present;  all  of  whom  enl  ertained 
precisely  the  same  opinion  respecting  the  inaccuracy  of  its  in- 
dications. 

When  Lieutenant  Morrison  had  introduced  the  subject  to 
the  meetingof  the  Electrical  Society,  he  stated  that  satisrictory 
observations  had  been  made  with  the  instrument  under  the  di- 
rections of  the  Meteorological  Society,  who  had  directed  that  a 
register  of  its  indications  should  be  taken  and  a  report  made 
thereon.  This  had  been  done,  and  the  report  was  read  before  the 
Meteorological  Society,  on  the  13th  of  the  present  month.  The 
Meteorological  Society,  however,  as  well  as  Lieutenant  Mor- 
rison, were  desirous  of  having  the  opinion  of  the  Electrical 
Society,  concerning  the  probable  utility  of  the  instrument, 
and  in  order  that  the  Electrical  Society  might  be  properly  ac- 
quainted with  what  the  Meteorological  Society  had  done,  the 
Secretary  of  the  latter  had  brought  with  him  the  report  of  the 
observations  alluded  to,  which  the  Chairman  of  the  Electrical 
Society  permitted  to  be  read  before  the  meeting.  The  follow- 
ing is  the  Report. 


Report  of  Experimental  Observations  made  with  Tivo  Elec- 
trometers, invented  by  Lieut.  Morrison,  R.  N.  By 
Robert  Carr  Woods,  Instrument  Maker  to  the  Meteoro- 
logical Society,  47,  Hatton  Garden,  Holborn,  London. 

Read  at  the  Meteorological  Society,  13th  February,  1838. 

In  consequence  of  an  observation  that  was  made  from  the 
results  of  my  thirty-seven  hourly  observations  at  the  winter 
solstice,  that  the  deflection  of  the  needle  became  more  mani- 
fest on  an  increase  of  temperature.  Dr.  Birkbeck  remarked, 
that  if  such  was  the  case,  the  gold  thread  by  which  the  needle 
was  suspended  must  have  been  influenced  by  torsion,  and  the 
instiniment  consequently  became  a  thermo-electric,  and  not 
entirely  electrical.     Sir  John  Ross,  and  other  members  then 
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present,  were  of  the  same  opinion ;  and  in  the  course  of  the 
discussion  Sir  John  suggested,  that  if  such  was  the  case,  the 
needle  might  be  suspended  in  such  a  manner  as  to  prevent 
the  influence  of  thermometrical  agency.  It  was,  however, 
recommended  that  simultaneous  observations  be  made  with 
two  instruments.  Accordingly,  being  kindly  furnished  with 
two  of  these  delicate  instruments,  by  Mr.  W.  H.  White,  I 
proceeded  to  make  observations  for  ten  hours  successively,  on 
the  8th  of  January,  1838,  placing  one  electrometer  thirty 
inches  from  the  ground,  and  the  other  two  inches  above  the 
surface  of  the  earth.  Beside  each  was  placed  a  delicate 
mercurial  thermometer,  whose  exact  correspondence  I  had 
previously  determined ;  the  result  was  as  follows : 

Hour-ofOb,.  ZTi^^ 

9  A.  M.  3  deg.  plus 

10  7  deg.  plus 

11  3  deg.  plus 

12  3  deg.  plus 

1  P.  M.        2  deg.  plus 

2  2  deg.  plus 

3  1  deg.  minus 

4  0 

5  3  deg.  plus 

6  2 

By  the  above  table  it  will  be  seen  that  the  electrometer 
thirty  inches  from  the  ground,  deflected  3,  7,3,  3,  2, 1,  0,  at 
the  same  degree  of  temperature ;  the  maximum  of  deflection 
being  7  deg.  plus,  and  the  minimum  1  deg.  minus;  while  the 
other  instrument,  two  inches  from  the  ground,  and  the  ther- 
mometer 1  deg.  lower  than  the  former,  deflected  3,  4, 0, 2, 1, 0, 
the  maximum  being  4  deg.  plus,  and  the  minimum  1  d£g. 
minus.  During  the  two  la^t  observations  the  deflection  of 
the  needle  was  the  same  in  both,  although  the  temperature 
in  the  locality  of  the  latter  was  2  deg.  lower  than  in  the 
former;  and  when  the  deflection  was  the  same  in  the  two 

f  laces  of  observation,  viz.  at  9  A.  M.,  and  1,  2, 3, 4,  5,  and  6 
\  M.  the  differences  of  temperature  were  as  31 :30,  30:29, 
31:30,  31:30,31:30,  30:28,  30:28. 

On  the  9th  of  January,  1838,  the  needle  deflected  5  deg. 
plus,  at  9  A.  M.,  the  thermometer  being  then  24*  Fah. ;  and 
for  four  successive  hours  the  needle  and  thermometer  remained 
the  same  without  the  least  alteration  whatever.  From  these 
and  similar  observations,  I  think  I  may  conclude,  that  the 
electrometer  invented  by  Lieutenant  Morrison  is  not  a  ther- 


riiA* 

Elect.  3  inches 

Ther. 

loer. 

from  the  groaiid. 

zv 

. .  ..3 deg. plus 

30* 

31  , 

. . .  .4  deg.  plus 

30 

31 

.  ...0 

30 

31 

....0 

31 

30 

. ..  ,2  deg.  plus 

29 

31 

. . .  .2  deg.  plus 

30 

31 

. . .  .  1  deg.  minus 

30 

31 

0 

30 

30 

. . .  .3  deg.  plus 

28 

30 

. .  ..2 deg.  plus 

28 
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mo-electric.  The  improvements  suggested  by  Sir  John  Ross 
I  think  will  be  valuable ;  for  the  observations  with  the  instru- 
ment, in  its  present  form,  is  attended  with  considerable  trouble, 
and,  perhaps,  inaccuracy,  from  its  oscillatory  motion,  on  re- 
ceiving currents  of  air,  &c.  To-day  (January  9th),  I  heaped 
round  the  glass  bell  a  quantity  of  snow,  but  no  deflection  took 
place  in  consequence.  The  maximum  of  atmospheric  electri- 
city was  to-day  8  deg.  plus,  at  4  P.  M.,  barometer  30*115, 
attached  thermometer  39%  external  thermometer  22'*5,  wind 
N.  E.,  phenomena,  snow. 

I  at  first  thought  the  electrometer  might  be  hygro-electric, 
but  I  am  convinced,  as  far  as  my  observations  ana  experiments 
have  extended,  that  it  is  simply  an  electrical  instrument^  and 
with  the  necessary  improvements,  it  will  be  of  great  assistance 
in  meteorological  phenomena. 

London,  January  9th  1838. 

Observations  for  twenty-one  hourly  observations  made 
with  one  of  Lieutenant  Morison's  electrometers,  on  the  24th 
and  27th  of  December,  1837.  By  W.  H.  White,  Secretary 
to  the  Meteorological  Society. 

Dec.  24tL 

Weather. 

clear 

mist  falling 

clear 

do. 

dull 

light  deps. 

clear 

strong  breeze 

From  9  till  10  A.  M.  the  magnet  was  almost  in  constant  mo- 
tion.  At  a  quarter  before  10,  the  magnet  suddenly  deflected 
to  175'+^  ai^d  in  ten  minutes  afterwards  returned  to  85* — , 
wind  in  gusts  with  some  deposition.  After  10  the  air  became 
more  settled,  and  the  variations  all  indicated  a  positive  state 
of  electricity. 


Weather. 

clear 

light  breeze 
strong  breeze 
do. 


Hour  of  obs. 

Deflection. 

WiDd. 

Ther. 

9  A.M. 

88*  + 

S.W, 

48-0- 

10 

85  — 

n. 

49-9 

11 

5  4- 

500 

12 

10  4- 

510 

1P.M. 

90  4- 

52-5 

2 

30  4- 

53-0 

3 

42  4- 

s.  s.  w. 

53-5 

4 

96  4- 

520 

Dec.  25th. 

Hour  of  obs. 

Deflection. 

Wind. 

Ther. 

9  A.M. 
10 
11 
12 

10*4- 

10  — 
18  — 
40  — 

s.  s.  w. 
w. 

52-5- 
530 
530 
55-5 
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As  the  above  report  of  observations  was  brought  before  the 
Electrical  Society  as  a  criterion  of  the  indications  of  the  instru- 
ment^ there  can  be  no  doubt  of  there  having  been  great  confi- 
dence placed  in  them^  both  by  Lieut.  Morrison  and  the  Meteo- 
rolofific^  Society :  and  as  we  are  of  opinion  that  the  strictest 
canaour  has  been  observed  in  the  drawing  up  of  this  report^ 
we  feel  ourselves  the  more  inclined  to  pay  even  more  attention 
to  it  than  those  connected  with  it  could  perhaps  have  expected. 

We  do  not  know  what  were  the  suggestions  of  Sir  John 
Ross,  and  therefore  have  no  means  of  judging  whether  the 
instrument  would  be  improved  by  them  or  not ;  but  whoever  is 
interested  in  knowing  the  present  condition  of  the  instrument, 
ought,  certainly,  to  be  obliged  to  Mr.  Carr  Woods  for  his 
candour  in  stating  that  ^'  the  observations  with  the  instrument 
in  its  present  form,  are  attended  with  considerable  trouble, 
and  perhaps,  inaccuracy,  from  its  receiving  currents  of  air,  &c." 
We  are  also  of  opinion  that  the  observer  has  made  one  very 
just  conclusion,  viz.  that  the  instrument  is  not  a  thermo-electric 
one ;  for  the  needle  varied  8*  at  one  and  the  same  degree  of 
temperature  during  the  first  day's  work  ;  and  on  the  second 
day,  January  9th,  when  the  temperature  had  fallen  7',  the 
needle  was  still  deflected  as  far  as  on  the  previous  day. 

We  now  understand  by  Mr.  Woods's  observations,  that  the 
instrument  does  not  operate  upon  the  principles  of  heat ;  and  if 
nothing  had  been  said  about  the  agitation  of  its  needle  by  the 
wind,  we  might  possibly  have  been  at  a  loss  to  make  even  a 
guess  respecting  the  cause  of  its  motions.  Mr.  Woods's 
opinion  that  the  instrument  operates  as  an  "  electrical  instru- 
ment,^^ may  possibly  be  very  correct ;  but  it  would  certainly 
have  been  more  satisfactory  had  it  been  accompanied  with 
the  reasons  on  which  it  is  founded. 

Having  disposed  of  Mr.  Woods's  part  of  the  Report,  we 
pass  on  to  that  part  of  it  which  appertains  to  Mr.  White's 
observations,  which  were  made  oDk-tJie  24th  and  25th  of 
December,  1837.  In  the  first  day's  work,  we  perceive  some- 
thing similar  to  that  which  is  exhibited  in  Mr.  Woods's  obser- 
vations. There  is  no  correspondence  in  the  deflections  and  the 
temperature,  but  much  agitation  of  the  needle  during  the  wind. 
The  needle  being  driven  through  an  arc  of  260%  at  a  quarter 
before  10,  was  an  excellent  indication  oi — ^we  will  not  say  what ; 
but  one  cannot  help  looking  at  the  word  ^^  gusty,"  so  conspi- 
cuously placed  in  the  table. 

The  table  of  observations  for  the  25th  of  December,  again 
shows  the  total  disrespect  which  the  needle  evinced  for  dif- 
ference of  temperature,  and  something  like  a  proneness  to  obey 
the  impulses  of  the  wind.     At  9  in  the  morning,  when  the 
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wind  wa3  askftp,  tbe^  3De#4Jei^toed  19*  Qtttiof,tb«tmei;i(K)$u ; 
btti  tbemeimeRt  tbe  ^slight  br^^^l'  e^WDmeQaodi  tb^idttfleotion 
became  iO"  in.  tiitf  oihf^4ks^iif>np'  i  M  *hejbw^ze  pevf 
fttr<mger>  the  defie«lip»  gpbgpe^p.^  (ii|(ib<(£QT&tbeiiriod  ^c^ted^ 
the  deflection  arrived  at  50*.  1  his  happened  from  2  to^jQ^doak 
in  ihe  aftesnoo^.  '  From^thab  tdfmMk^  wbd  gvad^i^y  .^b^d^ 
so  did  Uie  defle€ti(MPl3  «£  tiiA.QeedWii>iR^;d  i^ei»'  tb^e-agm 
became  a  dead  calmi  at  U  o'<jock.M  mgbfci  the  ixeedle  waa 
f(Mind  to  have  receded  to  precisely  the  same  p}ace4khat  it-atood 
at  during  the  calm  in  the  morning. 

During  thifiiseries  of  observations,  there  seems  to-hav^  been 
as  precise  a  coincidence  in  the  operations  of  the  vrind  and 
indications  of  the  needle^  as  any  one  need  to  have  wished  for : 
the  whole  movement  corroborating  in  thiQ  most  s^tiitf^tctory 
manner^  Mr.  Woods's  observations  regarding  the  effects  which 
^^  currents  of  air"  had  m  the. needle  of  the  instrument. 

The  inferences  which  we  have  drawn  from  these  obs^rvar 
tioas  may^  perhaps^  be  considered  very  unfiEtir,  whe»  it  i^  seen 
that  the  di>servers  have  invariably  arranged  the  whole  of  thei 
ddSections  of  the  needle  in  electrical  language;  implying 
theareby  their  entire  confidence  in  the  accuracy  of  its  indications^ 
as  an  atmospheric  electrical  instrument,  Ui^er  these  cir«* 
eumstances  our  readers  may  possibly  require,  of  m  some 
explanation  respecting  the  cause  of  our  formixig  so  very  difforfr 
ent  an  opinion. 

In  complying  with  such  a  reque9t>  we  should^  in  the  fiii$t 
place,  be  led  to  enquire  of  the  inventor  and  observerSj.  bow 
they  became  acquainted  with  the  cburacter  of  the  indioation^ 
of  die  instrument  ?  By  what  means  has  it  been  made  kmwQ 
to  them  that  the  deflections  are  due  to  eleotricjity?  From 
what  reasoning,  from  what  experiments,  or  by  what  criterion 
is  the  instrument  known  to  be  an  elegtrcmieter,  or  ev^n  <  an 
electroscope  ?  This  is  not  the  first  time  that  these  euquiri^ 
have  been  mad^  "^^^y, ^^®  made  at  the  Liverpopl  mee^ng 
of  the  British  Association,  and  repeated  at  the  meetoog  c4 
the  Electrical  Society;  but  as  yet  they  have  nevw  been 
favourably  answered ;  but^  <m  the  conibrai7,  Lieut.  M^risoQ 
has  very  candidly  stated,  at  both  places,  that  he  ia  n«ot 
acquajated  witli  the  {^in^iples  upon  which  the  instrumei^ 
operates.  Perhaps  a  si|nflar.a»aw^  may  be  e^ipected  fr^m 
the  observers ;  at  least,  we  are  iu  np  fyat  of  being  disap^xjwted 
by  antrcipatii^  such  a  one.  The  concession,  however,  might 
possibly  be  considered  as  qq  just  basis,  on  which,  to  form  a 
correct  notion  of  the  jreal  character:  of  the  in$trumeiftt :  and 
therefore  it  is  essential  that  we  state,  from  our  own  knowledge, 
that  there  is  jw  known  principle  in  ajg^y  department  of  eleQ- 
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tricky  whatever^  lio^  afaly  k&t^^m  'iW^^o^^lecJ^fte^actioti,  *  by 

elecfaric  conditititt  of  th^^  Attsii^ph^e.     N^'  elfectticia^r  will 
attempt  io  de^y  iMfttSj^h^^  imd'-wi^slt^n^ltrdlb^  about  i^ 
oih^rs-say.'  •-'..!*    ■.,•■:' 

We  flhcbldi*©t  hat*  dgf8titt"tetarri^dt0  Mr.  Whitens  obi^MTi- 
vstionsy  hcLd  bd  dot  l)^a)^t)6it«d  toimMtito  tbaion^  set  *d>f  tbani^ 
at  leasts  w«re  toad^on  th^i ^ill  of  a  window;  fettt  in  c©ase-* : 
qoence  of  becotiiirtg  aequAinted  with  tfeat  'fact,  we  discovet » 
necessity  of  warning  observers  not  to  trust  to  attnospherieal 
deotrie  obs^rvatioHS,  made  in  such  situations^  They  mvM  be 
but  oflittte  viiluev  eren  with^a  good  electrometer :  and,  with  the: 
in^rumei^  in  question,  much  deception  might  occur  from' 
local  ifiwces^p^ectly  concealed  from  many  observers.  Ther«6 
itt^  two^miscbievous  pieces  of  iron,  sometimesfour  of  thcfmj 
suspended  fix>m  the  ends  of  the  sa^  lines,  which  operate 
pretty  forcibly  on  a  magnetic  needlci  We  simply  n^en^iont  this 
ftWit,  Withoi;rt  taking  upon  ourselves  to  say  whetherisuch  (du^^ti^ 
had,  orhad  notj  t^do  with  Mr.  White's  observations.  Whilst 
im^thilsi' topics  however,  we  will  mention  another  place  of  con*' 
eealment,  from' which  these  ambuscaders  are  likely  to  have' 
produtjed  occasional  mischief. 

Nocturnal  magnetic  observations  must  necedsaf  ily  be  attended 
with  an '  mttificiai  light.  Perht^  no  one  on  such  an  ocdaftioti' 
would  approach  a  magnetic  needle  with  aniroAcandleBtic^k;* 
iltbottgh  they  would  not  scruple  to  take  a  ^IVer  lotte.  The  Togue 
fe  in  the^silver'  catedlestiek.  The  slider  and  spring  are  Usually 
crfiT<)tt  cH*  ^teel.  If  Mr.  White  should  discoveir'that  such  forces 
have  infltienced  his  observations,  it  may  be  gratifying  to  him 
to  kriow  that  he  is  not  singular  in  this  respect. 

It  will  be  se€fnf  in  the  quotation  from  Mr.  Leithead's  book, 
at  page '78  of  this  volume- of  the  ^^  Annals,"  that  the  easterly 
Slid  to^fferly  deflections  of  the  needle  in  Lieutenant  Morrison's 
instmment  are,  respectively,  the  supposed  indications  of  the 

?ositi^e  and  negiitim  elettric  conditions  of  the  atmosphere. 
ToW,  in  presenting'  a  novel  ini^rument  to  the  notice  of  dcien- 
tSftc  men,  #e  w6uld  certainly  have  expected,  that  the  inventor 
Wfiuld  be  prep6,ted  ta  show  by  what  means  he  was  led  to  such 
a  conclusion.  Oh  this  important  p»diftt,  however,  no  saltisfac- 
U6*y  information  has  been  given:  not* is  any  likely  ta  appear. 
St  ttttght  now  Jbe  asked,  by  what  mearis  do  the  observers  adjust 
tite  instrument  to  the  magnetic  meridian?  Here  again  is 
wanting  toother  piece  of  impottant  information.  The  instru- 
ment appears  by  the  tables,  to  have  bcjen  under  the  influence  of 
Metric  action  during  the  whole  time^of  observation,  and  for 
want  df  b^g  I9iiuie  aicquainted  witii  the  metms  which  the 
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c/bseffvearsrliadnid  idisomBii  tflnennoagh^ix;  ^AmtidMcn^  mb  ete  at  i  a 
losft'tbiBOohr^Jkotb  tilks^lia8KrBart&iixed()thci<4r\ier<beiirilig  c^.ith^ 
needloi,  TJueineedfe'cf  ^he>iifiidtei]intat[al9Be()eQuld  girv^m> 
infornuudeKODritbis  poiAtf'bkc^s&it  iwaq  ootiliiiu«iUy'defldQt«d 
out  Q£(it^6ni^fpqsili(Hi.(>t  I)'i^<h[.'o  l)[n>  rlinl-)  no  [}>,-,  .^^  ..  .  i// 

tried  to  take  away  the  supposed  electric  'mBak9it(»u&qmviht 
Beedle>by4;oi£dbingitfae.70ivWitiitfche  )Ii^^  tnr  aipifi^^e^ofita^'e^al^ 
oar  tby  aoyifytker^nMaiib?  i  •  Inn^rt^.  faai^laay lofaa^if witticto  been 
made iritk  the  iHsivameiit  ivlB&tka i  iieedle«i«iafi^ !l«Q«»9^ted? 
We  have  not  heard  that  the  instrument  has  uodeftigCHne^  ^an 
onevo£thkileverqi''nece^isary  tests  we  haiirexfaad>oe(mst)CNtf  to 

notice.*  ■"   '*■'     '   U/yam.i.M-  •>   /      f  '"   "Ml   \'\f\\    *-ri-i-v>r[ff, 

*tW6ihope;nawv  that 'liqutenani  Momsotn.^iU  i^m/tUf^iiy 
that  we  have  given  his  instrumekita  fiedr  r&nd  impatrUdldxatnif 
ustioDDi/iaud  t^4our  first  opinion  of  it^  w^  not^astiIyT£ii>]m^d. 
The  Report  of  the  Meteorological  Society>vonittiex)biW«fV^tions 
made  by  their  directions,  being  supposed  to  be  favourable  to 
the  instrument,  we  could  have  no  hesitation  in  placing  that 
report  before. our  re^-ders:  and  we  have  njade  no  other  remarks 
bti  itthsih  stKjh^^^^at^a  essential  t6  i^letete  titi^t)b*e«^tiririB 
in  a  proper  light)'  Wfe-^iHlidw  ^aki^ leavfe  oftfeis^ instrument, 
hoping  that,  should  we  ever  have  occasion  to  speak  of  it  again, 
th^'6ugg^]MiW8)w&ich  we^ba^eifeilteftdy  ttiad^i '^(^ibatv^fbben 
dttiy<'iitteiifledi<toj  /  Itt^its- piiestot  cbnditrikw/ we -are^istitt 
*>Tpel*Botlyi«!)ttvfcfc^'tirtit<ieithe*'fehe  tttOtioti^nwpOBitfattSfflf 
its  needle  are  indicative  of  the  electrk;  stftteof  iMlitMMa^^e/' 


'  Mtich  attention  has  been  liestd^it^  tlpcih  th'i«  eittidfe,  ^\ti' 
tt  View  of  disebverfaaf^  some'  solvent  ofmode  of  teducii^  itsi6 
li  coti^i3trincfe  ciipiMe  of  receiving  iiny  desirable  form,  or^ 
beitag  lEtpfKed^'the  surface  of  d6th  ih  the  form  of  vartiisb, 
in  order  to  rendei*ltJ^^t€*pro6ft'butbelieVing^gtt*oflietbod 
hft«  i^gt  lieett  made  puMib  by  %hich  it  cotild  be  ttfeed  with  ^o- 
nbttay  iaM'fticiMty,  I  aih  indaeed^  to  oflfer  the  ftliJlbWitig^  't«ith 
«le*6^  tHtit  ft'WflTbe  fbtin*bo«i  ttstefal  ai^  ifttei^trng*. 

■I  'wfeh  td^t>^^mi^,^^tte«  affVith^rto  J^b^n  ^Iverits  <rf 
caoutchouc  ^re  ^ R^tlbfe  *to'  dbjleetftirfs. '  ^  iA  a '  trial  whifch'I  once 
mAd^yi'ftriin^^h^t'dil'bftW^nthie  difeiblved  m^«?  caoutchouc 
ttthiily ;  'aiid  6ii^^aViiig1!>feeti  ispread  6h  calfco  andexpo^ied  to 
fhi^^ttti^os^hei^e,  it  i^niaii^d^^utitioa^  atWie  eiidof  a  yeat- ' 
'  ^btrf  tifo ^y^^* fego,'  I  t^ai^ ihdiic^  td  'pe^dirtn  some'eut^ 
periments  with  caoutchouc,  and  I  accideiJtiiJly '  aldcertJaifiied, 
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phui4c  0tb^;'  o^Q/'sol)Itiotl'Qfr^saHIB'ialkali)  (^Iu«^ed(^oatrb4>isati 
of  s^^  ibifjt&mpkitajSifmnt^ifixi^  ^eUyBiidfjdiin patiioto 
i^0bd  nkiji>  6il  of ' tiirpeBiitie^>.iirlB  )dii$6liie4  ^thnfaoili^ij  land 
when  spread  on  cloth  and  exposed  to. fa){dr?jr(|Ei^m(lS|lh^re^  it 

'  CMibo,  liti^n^  cv  ditkdeshfrdoinimg^  liiEy/ireieeiiTi^  aicoctting 
^trith't^id  80tati^/8iiffi:ci«ht}tal?enfler  thfim^i^^  yAih.-* 

KMt  *ttiiitenriddly  lakmbg^  <  their  genkeral  appe^ranoei  >  ot <  inj^bing 
*heir  pJiatfiiityi     -•■  ..  r  ••-'-  >'     ^'<^ 

'-'  Whcfn  less  elasticity  and  more  body  is  rekpdred,  I  hstearda 
conjecture  that  this  solution  may  economically  be  diluted^ <iDar 
fAixedwitli  asphaltttin,  Venice  tiurpejItineiior^/some.Qythi^'ar- 
ticlesT'SdtebleJnoil  of'turpentinej       •  •    >    :<  » 

M^Min  OtiNov-  29>  1837.  Arza:  AwojDKwtak!' 

-  ^  SlUiWmti^sJhurnaL  '  =      '  .      .   ^  i  i 

'''       ■'!i;ri!{.>  ^-i    ■-.    (  ,.  ....,'     ...,,  ■  j;j..'.'.  ';,  •     '    -      :)l-.-.", 

Mi^e^Ki^gem^nt  of  Light  durmg  ffy^  QMhi<^^i^m^m(i(^m 

t  .Eleeti^njeg«itivem^t«l»i^,whi9hfon»  f^ril^^^^Q^ygeitpjKaJidT 
tomde^  like  argesbiciEHul  antimony,  ^ye  Y^ry  pjaoi]|^.{tQ.,pwii^Be 
iariobfimte  propprJljiiQ»3  witb  eleotwrtppftitiyi^  9at«tal3>;  ^feose 
'oxidei8.«oostitute^aaline-b^ia..i  .  i  ■ :  ^ ..  ^  --.^l^.!  •,  .m  .-.i-  ^ if 
Tibese  combinations  of  positive  with  negative  metals,  are 
distinguished  in  various  ways  from  simple  alloys,  but  principally 
in  their  not  separating  when  melted  and  kept  long  together 
in  a  state  of  fusion.  The  Heavier  does  not  go  to  the  bottom, 
aor.the  lighter  to  the  su^ape, ,  W^^  kno,w  on. the  ,9ther  hpiid, 
that  in  an :  alloy  of  gold,  silver  and  cofpeor,  in  quijBt  fusion 
together,  the  gold  is  found  in  greater,  quantity  at  the  bpttom 
tlum  at  the  tqp  of  the  crucible;  in  lik^  nuanner  iu  l^ell  mi^ 
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Ina^iwenede^utiteajCRrticiHel.meiM  tMr<»  >«iioim  of  zxno 
(64'2)and.trith4rew  the,onifliUejfa>m  ith^ffire,  «od  then  I 
added  aa  atom  'Of:m0toUie>ai^eiuc}j(37*6)  ib;  finetipowdeor,  ^but^ 
pn&rioiwlgrhm^td  tho  pwit  i>i  bioilii^*  lifter*.   In  ^atunring/ 
the  mixture  wibb  n  par<mIai»arodi  ih^^imaas^^wbidi  before:  waa// 
fax  froJDQk  being  hd»iiipuarf^Jb^am6  mcietildea€«»t  .andiOf »  doi^ 
cherry  red,  just  as  when  sulphur  wifeea  fwUh  diffecend  laeial^^i 
aud  at  this  time  asmaU  quiuatAty  of  <«iisamc  J  inflamed^  oq  tfaei  ^ 
aai*fec)e>.axid  burnt  witJbt  a  bbiiah  Ugbt.     >  !      i 

Itifl  possible  tioat  lead  and  tin  witii  arset^c^  m  lattge^jnaiitit^i 
ties^  would  produce  ignition.  I  did  not  succeed  in-  pardducing 
it^  nor  by  adding  antimony  to  zinc,  lead^  or  tin. 

VVhen  hydrochloric  acid  is  poured  on  a  compound  of  arsenic^ 
aad  «ae»  of  equal  {uropoirtions,  arsenical  hyckogiin  gas.is'' 
disengaged,  and  ia  entirdhf  absorbed  by  a  aolutioin  of  auJ^hate 
of  copper. 

When  ^is  gaaia  expoaed  in  a  fiaak  to  the  snii'a  lights  dedk, 
lamin^&vinoreocle^briUianl), ooverthe  interior  of  the  flasks 
In  a  dark  place  only  a  few  spots  appeared  at  the  end  of  a  weeki  • 

The  sun's  rays  then  have  the, same  decomposing  action  on 
this  gas  as  heat,  ^i-^'M.  'Sonhedrcln  has  shown  that  the  gas 
heated  by  a  spirit  lamp,  deposits  ariaenic,  increase^'itsToUnne 
one  half,  and  becomes  pure  hydrogen.  We  have  then  a^^ 
analogy  betw^^i^  araeniure  tted  hydrogen  gaa  and  phoaphmetted ; 
hydrogen  gaa:-  |br  \he  latter  exposed  to  the  apn  40poaita  mi^^hr 
red  phosphorus,  and  loa^s  itarproperty  of  apoataneoua  i^flan^l 
matiiotn*  ,       ,     <  • 

Jour*  de  PhmrmaciA.    - 

Franklin  JoumaL  l- 


Meteoric  Iron.     1.  In  Texas. 

In  Vol.  VIII,  p.  21S,  of,  this  Joi^rnal  (Silliman^a)  ia  an, 
account  of  the  great  mass  of  meteoric 'iron  from  tk^  Bfi4. 
River,  now  in  the  cabinet  of  Yaje  College.  Amqng,almpat|lwcri 
gotten  files  we  find  a  letter,  dated  Sparta,  Teoneaajep,,  Segpt^j  jl^f  j 
and  another  dated  Optober  17,  1889^  nrQfu.Rob^tiC^,  to 
the  Editor^  contaijiing  the  foUa^ying  statem^nts^T-   ..  .    ,,  :,{ 

A  gentleman  returned  from  j?.  bye  .yearja'a^aeAce  Ux  th^r 
province  of  Texaa,  4^ing  whi^U  time  be  h£j4  beqn  fresp^ntljf^ 
with  the  Camancbe  Indiansf,  ^nd  »  ^m^U  paji^y  of  tima ;  cpn-t 
ducted  him  to  a  maa;?  of  metjaVlyii^g  o^  thci  benjf  of  a  pr^ej^.. 
Ita  length  waafouE  feet,  and  it.V^s  abpttt  pne  jfoift^  squwre  .(^^, 
the  end).  It  required  six  of  the  Indiana  to  raise  it  on  end* 
A  piece  weighing  two  ounces  was  cut  off  by  a  tomahawk.  It 
possessed  gre^  hardness  and  tenacity^  ana  when  hammered,. 
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(inf  tke^old)^iow«d  ^it  >tD<EiM«^)y9iityi'  b^K^  ie«&)ly  beaten 
o4t  T«ry   tbin    witli&tf  dtaoklfig^or  'italmg;    The  J«oid^ 
was  staged  to;be  bfetweeu  tbat  of  ^d  ^  iuid'  silverj   •  It»  lustife 
iivias  rdtiiaTkkble^  €iAd  ceuld  i^^  be'eA^istUd-b^Unyithiiig  that 
i)V«u»^^dtme't6'itrbven%}r'tii0i^^k«ttito  'fb^  large 

niilsmaigf^tritAA^umtriM*^^  an 

im|«*ssioftU3ii  It^  eibftpt  ti'Adet  Ijy  Htttomdi*/  'W^hen  it  bec»me 
idkble^nd  mit  From^the  taccjiiai'filaiid^^^bkhj'we  have  with 
the  large  mass  alluded  to  dbW)V^/  W^  caaitiot  donbt  that  the 
jnetje  ^oj^bed  iu  Mr.  Cox's  letter  is  nickeliferous  meteoric 
iron.'  Those  that  saw  the  piece  were  disposed  to  make  it  out 
to  be  gold,  and  probably  saw  a  yellow  tintqaile  as  strongly 
as  it  existed,  if  indeed  it  existed  at  all,  for  me  mjdleable  iron 
which  we  have  from  the  same  region  is  Kk©  that  of  Siberia,  of 
a  remarkably  pure  greyish  white,  with  a  high' degree <yf  lustre. 
We  have  recently  seen  a  gentleman,  who  stated  thaut' he 
knew  of  several  large  pieces  of  malleable  irdn  iu  Texas,  and 
we  hope  to  obtain- some  more  precise  inf6rmati«()n  concerning 
them. 

2.     Meteoric  Iran  in  jfVopqe. 

The  late  Cdonel  George  Gibbs  brought  to  this  comitry  somiB 
pieces  of  meteoric  iron  which  he  detached  from  a  large  mass 
lying  on  the  mountains  of  Auvergne  in  France,  and  a  notice  of 
it  was  published  in  Dr.  Bruce's  Journal  of  Mineralogy,  in 
connexion  with  one  of  the  Louisiana  iron. 

The  following  extract  is  taken  from  a  letter  addressed  to 
the  editor,  by  Mr.  Wm.  C.  Woodbridge,  the  well-known  geo- 
grapher, and  dated  Paris,  August  29,  1829 : — 

"  In  passing  through  Bonn,  upon  the  Rhine,  I  visited  Pro- 
fessor Noeggeratti,  a  distinguished  mineralogist  of  that  uni- 
versity. He  spoke  with  great  interest  of  our  efforts  in  reference 
to  mineralogy,  and  especially  of  the  American  Journal.  He 
dbserved  to  me  that,  singular  as  it  was,  he  had  received 
tteough  that  Journal,  the  first  account  of  an  interesting  fact 
in  his  own  neighbourhood. 

"  He  had  heard  many  years  since  of  a  large  mass  of  iron 
lying  on  one  of  the  mountains  termed  ^  the  Seven  Mountains,* 
in  this  vicinity,  but  which  was  supposed  to  be  a  remnant  of 
an  old  furnace.  He  diasi^^ed  to  examine  it,  but  delayed  from 
time  to  time,  and  at  length  keard  that  a  foreign  officer  had 
been  there,  and  taken  away  a  large  portion.  He  thought 
little  more  of  it,' until  some  time  afler^  when  he  saw  in  the 
American  Journal  of  Science,  Col.  Gibbs^s  account  of  his  dis- 
covery of  a  mass  of  meteoric  iron  on  this  very  spot.  He  im- 
mediately went  to  examine  the  fact;  he  found  that  the  mass 
had  ^®^^  cu^  up  ^^^  pu^  ^^^^  the  forge,  but  the  smiths  not 
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bavBtf  akaH  imwwA  ii»  it  % 
buned  under  ahsap  of  MBMi 
diacoiv  wwd  >  wry  hty  q— nrtly  frfthHiMi 
existence  of  nidLel,  «»  the  tn^  of  tliei 
Amerkmn  Jooiud  luwl  btaaUMVMdnMM  of 
world,  of.  me  of  the  bifott  ommmo  of 
diKJoveracL** 
Silliman^B  lommal,  Jmmmry,  1638. 

Professor  Stlliman  tliinks  that  the  acooiiBt 
must  have  been  that  originally  published  in 
Journal. 


Dr. 


to, 
Bnm'o 


On  the  boili99g  points^  saturated  solutioM^tmriom  tkitM. 
By  M.  Lbgrand. 

The  following  table  indicates  the  number  of defreet  of  dM 
centigrade  thermometa:  which  the  several  toigUoPi  wtfj^am 
above  tiiat  oi  boiling  water^  when  pure. 


Prop  ofMOtte 

■>■               -■--- 

Saxav. 

109ofwMir«t 
tlM     poMt    oT 

DiO'''**  vM^t 

•atei^MiI 

fnvr. 

Cy  (MBiC  0f  PoCmIi, 

•l<f— 

4^«Mt 

CUorideofBarnm, 

Oil— 

4-4 

4fr«— 

4-0 

CU«rukiirP«tMia»,      . 

&9-4— 

U 

OUori^  tf  Sodium. 

41-t— 

M 

Hy^NM^lMrato  oTAmdodU 

14-0 

Tartrate  of  PotiiA  (nentra],) 

2W:9— 

14-f 

Nitrate  of  Potuk, 

sss^- 

IM 

CWorideofStrortiwa, 

117-ft— 

17*« 

Nitrate  of  8od«, 

«»•»- 

il^ 

CarbonftteofPotMh, 

9e&^- 

OM 

Ni^teofLime, 

Sf«ii— 

01^ 

CUortde  of  ( aldom. 

S9S^— 

fM 

A  solution  may  be  supersaturated,  notwidiotanding  the 
commotion  of  boiling,  and  attain  a  temparmtore  moro  and 
more  elevated,  but  as  soon  as  the  salt  subsioesy  the  thermoBie- 
ter  goes  down  again  to  the  point  at  which  it  remaiiw  daring 
the  whole  of  the  evaporation.  Tl^  lit^pior  is  th^  UB^y 
saturated. 

Some  salts,  even  in  small  pnqKsrtions,  prevent  the  ^ 
(soubresui^)  of  liquids  during  ebullitioii;  oth^si,  on  &ie 
trary,  afid  partici^ly  carbonate  of  potash,  prooiote  it  in  « 
high  degree.  Various  mc^dik  filings  prevNit  Ihe^ejan^iBfi 
or  bouncii^,  iHit  all  do  not  possess  die  pnqierty  m  an  tqsak 
degree.  The  most  oxidable,  as  ircm  ot  zinc,  are  the  motA 
efficacious.    They  are  not  changed  during  the  operation. 

FrtmUim  Jmmud.  Ammaiei  de  Ckemis. 


Digitized  by 


Google 


^>  I 


l*.'        !*  '         ■»-...,« 


■|  .         t   1 


*.,,Jw     .^    •'       *> 


."    -ti\  M>5 


t  ,  .'^  ^,. 


.      '^'  t       .r. 


r-i   N^  ♦-»■ 

i-i^ 

' ,  ^1  ' 

*V-'i\-*t  *.. 

*-    ■  *    i:    - 

*    -*  i*^  -, 

-.  ,1 

"..     ...    . 

:   i,    -  "<  v-.. 

-1 

I    I  '   ;'  '■ 

X    dJt  n 

.. 

-- 

--„  —    '. 

♦  •*  t^t^ 

;        — .'  , 

J          —10 

— *:  .  * 

i          ^* 

1          ^a  *•.' 

t«» 

« — 1*  -J 

VH 

— .^.  -- 

cii 

:        —V  •* 

f          ♦^i* 

;        — t  ,. 

i          il.< 

— <■   ^: 

!          •!!: 

*       —.r  t. 

*tK 

—  t,  / . 

^la 

'         — •  : 

ee- 

—I    .:. 

»^     r>P 


i.'  ;,u'  ^i  J  Jv.a  t;"' 


!i.v»:  .■  J   v;    *3  V;>^«vi. 


^.>>    i-  .  w         **•- 


Digitized  by 


Google 


ANISTALS     OF    ELECTRICITY,  8c^ 

TLATB.  Vm. 


B 


Fie'  ^^• 


Fig' 58. 


d  C 


&1  '!•  V  "' 


a 


Fig-.GG. 


Fig"  67 

f       (»V-«-o  o  o    o   o  o->(^o      ) 


K 

Fig-  61. 

A 

dllnHP=' 

C 

B 

O 


"VTAjiiiaii^litKrlcj  OracecTiutrcliS^ 


Digitized  by 


Google 


THE  ANNALS 

OP 

ELECTRICITY.    MAGNETISM, 
AND  CHEMISTRY; 

AND 

©uarJ^fan  of  fEiperfmental  Science. 


APRIL^  1838. 


XLI.     Reply  to  Mr.  Snow   Harris's  paper  on  Lightning 
ConductorSy  by  Martyn  Roberts,  Esq. 

To  the  Editor  of  the  Annals  of  Electricity y  8fc. 

Dear  Sir, 

By  the  negligence  of  my  Bookseller,  it  was  only  yesterday 
IreceivedNo.  8,  of  your  Annals,  containing  Mr.  W.  S.  Harris's 
reply  to  a  paper  on  lighting  conductors,  read  by  me  before 
the  London  Electrical  Society. 

I  am  surprised  to  find  Mr.  Harris's  letter  written  with  a 
feeling  of  so  much  asperity,  more  especially  as  whenever  t 
have  alluded  to  that  gentleman,  it  has  always  been  with 
marked  courtesy,  and  I  am  sorry  to  perceive  that  any  warmth 
of  feeling  has  been  mixed  up  with  scientific  arguments  on  a 
question  of  so  much  importance,  and  one  which  demands  a 
calm  and  patient  discussion. 

The  report  quoted  by  Mr.  Harris  is  certainly  much  in  his  fa- 
vour, if  there  is  no  doubt  that  th^  lightning  passed  through  the 
ship ;  but  the  fact  of  the  tremulous  motion  of  the  vessel,  which 
is  brought  forward  to  prove  such  a  transmission  of  the  fluid, 
might  have  been  occasioned  by  the  vibration  of  the  air  from 
the  loud  peal  of  thunder:  but  graating  the  lightning  to  have 
passed  through  the  ship,  if  it  can  be  proved  on  scientific 
principles  that  the  situation  proposed  by  Mr.  Harris,  for 
conductors,  is  dangerous,  one  occurrence  such  as  that  on 
board  the  Beagle,  ought  not  to  warrant  the  exposing  other 
ships  to  the  chances  of  a  similar  escape. 

Mr.  Harris  imagines  1  depreciate  his  invention  for  the 
purpose  of  bringing  forward  my  own;  my  object  was  not 
personal  but  national  benefit ;  and  if  I  had  condemned  Mr. 

Vol.  IL— .A^o.  10,  April,  1838.  R 
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Harris's  conductor,  without  suggesting  a  better  form,  he 
might  then  have  had  cause  to  complain  that  I  found  fault, 
being  at  the  same  time  unable  to  propose  a  plan  for  amend- 
ment. 

Mr  Harris  says  he  has  ^^  nowhere  maintained  that  mperfi- 
cies  not  content  conducts  electricity.^*  To  refute  this  asser- 
tion I  give  an  extract  from  Mr.  Harris's  work  on  Electrical 
Conductors,  page  31 .  "  The  conducting  power  of  a  metallic 
rod  has  but  little  relation  to  its  solid  contents,  but  is 
principally  dependant  on  its  surface,  from  which  cause  the 
mere  gilding  of  a  ball  of  wood  is  found  to  conduct  a  propor- 
tionate electrical  discharge  with  the  same  facility  as  if  such 
ball  was  a  solid  ma^s  of  metal;  hence  a  less  quantity  of 
metal  formed  into  a  hollow  tube  would  be  as  a  conductor, 
even  more  effectual  than  a  solid  rod  of  the  same  diameter, 
because  its  superficies  would  be  inerea^sed.^* 

After  this  I  hope  Mr.  Harris  will  have  the  candour  to 
confess  he  has  maintained  that  ^^  ^superficies  not  content 
conducts  electricity." 

In  the  next  place  Mr.  Harris  blames  the  indefinite  manner 
in  which  I  describe  my  wire  rope,  viz.,  as  one  of  some  hun- 
dreds of  annealed  copper  wires ;  but  he  forgets  that  my  paper 
was  read  before  a  Society  at  the  same  time  that  a  specimen  of 
the  full  sized  rope  was  exhibited;  Mr.  Harris  imagines  it 
could  not  be  considerable  in  consequence  of  its  great  weight. 
Now,  it  appears  to  me  an  efficient  quantity  of  metal  will  be  of 
the  same  weight,  whether  in  the  form  of  Mr.  Harris's  plates 
or  in  that  of  my  wire  rope.  This  objection,  therefore,  (tf  it  is 
one)  is  equally  applicable  to  Mr.  Harris's  invention. 

This  gentleman  then  goes  on  to  say  **  he  does  not  himself 
believe  that  even  if  there  did  occur  a  short  interval  in  the 
caps,  that  it  would  be  of  the  least  consequence  to  the  action 
of  such  an  extended  and  continuous  line  of  metal,  armed  with 
a  point  such  as  he  employs."  I  am  surprised  Mr.  Harris 
should  maintain  such  an  opinion,  and  I  wiU  adduce  first  rate 
authority  in  support  of  a  contrary  one ;  for  M.  Becquerel,  one  of 
the  most  eminent  electricians  of  the  present  day,  has  thus 
expressed  himself,  in  page  141,  Vol.  IV.  of  his  work  on  Elec- 
tricity. "  Nous  repetons  encore  que  le  parratonnere  doit 
fttre  en  relation  parfaite  avec  un  sol  humide,  car  lorsque  son 
conducteur  offre  quelque  part  des  solutions  des  contenuit^  il 
arrive  que  la  fonore  apres  I'avoir  frapp^  I'abandonne  pour  se 
porter  sur  un  corps  voisin  qui  lui  offre  plus  de  facility  pour  se 
rendre  dans  le  sol  ce  changement  de  conducteur  est  presque 
toujours  accompagne  d* explosion  et  de  degatsplus  ou  moins 
graves.*'     Which  is  to  say  that  when  a  conductor  has  in  any 
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part  a  solution  of  continuity  the  lightning  abandons  it  and 
strikes  on  some  neighbouring  body,  and  that  this  change  of 
conductor  is  almost  always  accompanied  by  explosion  and 
by  damage  more  or  less  serious.  This  opinion  is  supported  by 
a  committee  of  gentlemen  deputed  by  the  French  Academy 
of  Science,  to  report  on  the  best  form  of  conductor. 

But  the  most  important  admission  made  by  Mr.  Harris  is, 
that  he  denies  the  existence  of  the  lateral  explosion. 

Now,  as  my  name  is  but  little  known  in  the  scientific  world, 
I  will  not  bring  forward  my  own  experiments;  but  I  will  quote 
the  authority  of  a  gentlemen,  to  which,  I  am  sure  even  Mr. 
Harris  will  pay  respect ;  I  allude  to  Professor  Henry,  who,  at 
the  Meeting  of  the  British  Association  of  Science  held  at 
Liverpool,  stated,  ^^That  a  metallic  conductor  intimately 
connected  with  the  earth  at  one  end,  does  not  silently  conduct 
the  electricity  thrown  in  sparks  on  the  other  end.  In  one 
experiment  a  copper  wire  one  eighth  of  an  inch  in  diameter 
was  plunged  at  its  lower  end  into  the  water  of  ia  deep  well,  so 
as  to  form  as  perfect  a  connexion^  with  the  earth  as  possible, 
a  small  ball  being  attached  to  the  upper  end,  and  sparks 
passed  on  to  this  from  a  machine.  ^  lateral  spark  could  be 
drazvn  from  any  part  of  the  wire,  and  a  pistol  of  Volta  fired 
even  near  the  surface  of  the  water.  This  effect  was  rendered 
still  more  striking  by  attaching  a  ball  to  the  middle  of  the 
perpendicular  part  of  a  lightning  rod,  put  up  according  to 
the  directions  given  by  Gay  Lussac,  when  sparks  of  about  an 
inch  and  a  half  in  length  were  thrown  on  the  ball;  correspond- 
ing lateral  sparks  could  be  drawn  not  only  from  tlie  parts  of 
the  rod  between  the  ground  and  the  ball,  but  from  the  part 
above  even  to  the  top  of  the  rod." 

You  perceive,  sir,  I  have  the  opinion  of  an  eminent  scientific 
gentleman  in  support  of  the  position  I  have  maintained,  viz., 
Sbat  the  lateral  explosion  occasioned  by  a  transmission  of 
electricity  is  sufficient  to  produce  ignition,  and  this  even  with 
the  feeble  quantity  of  the  fluid  placed  at  our  command  by 
electrical  machines,  and  it  is  the  more  conclusive,  as  the  expe- 
riment was  tried  on  a  lightning  conductor  erected  on  the  most 
efficient  plan  then  known:  but  if  Mr.  Harris  chooses  to  deny 
that  Professor  Henry  has  witnessed  this  phenomena,  of  course 
there  is  an  end  to  all  argument  on  the  question. 

Mr.  Harris  then  proceeds  to  state  that,  "  admitting  the 
objection  however  of  the  lateral  explosion  to  be  a  valid  one, 
it  necessarily  applies  equally,  if  not  more  forcibly,  to  Mr. 
Roberts's  rope  of  wire  than  to  my  plates  of  copper,  as  I  think 
must  be  apparent,  since  the  wire  is  directed  to  be  laid  along 
the  back  of  the  maSt  and  stoj^ed  to  the  rigging." 
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It  is  singular  Mr.  Harris  should  attempt  to  disparage  my 
invention  without  having  carefully  read  the  description  I  have 
riven  of  my  conductor.  I  cannot  suppose  any  gentleman  would 
intentionally  convey  a  false  impression  of  its  merits,  and  if 
Mr.  Harris  will  refer  to  my  first  paper  on  this  subject*  he  will 
find  that  I  do  not  direct  the  conductor  to  be  stopped  to  the 
rigging,  but  it  shows  how  it  must  be  set  up  independently  as 
a  back  stay  from  the  lower  mast  head  to  the  sheathing,  far 
removed  from  any  "  tarred  rope  or  sheet  of  canvass.*' 

From  the  royal  mast  head  to  the  lower  mast  head,  my 
conductor  pursues  nearly  the  same  course  as  that  of  Mr. 
Harris;  for  along  the  higher  mast  there  is  comparatively 
little  danger  to  be  apprehended  from  the  lateral  explosion:  but 
the  case  is  far  different  when  we  arrive  at  the  hull.  This  is  the 
real  place  of  danger,  and  here  Mr.  Harris's  conductor  is  led; 
whereas,  mine  on  the  contrary  is  carried  from  the  lower  mast 
head  to  the  sheathing,  thereby  avoiding  all  danger  to  the  hull 
and  its  contents.  But  as  Mr.  Harris's  objection  is  evidently 
based  on  a  misconception  of  my  plan,  I  need  not  pursue  his 
argument  fiirther. 

Mr.  Harris  then  brings  forward*  the  fact  that  conductors 
are  placed  near  powder  magazines  on  shore,  and  argues  there- 
from that  no  danger  can  arise  from  the  contiguity  of  conduc- 
tors to  powder  magazines  at  sea,  but  Mr.  Harris  should  re- 
member that  on  shore  the  conductors  are  detached  from  the 
building,  and  not  contiguous  to  any  body  upon  which  the 
passing  current  can  throw  its  lateral  spark  to  the  ignition  of 
the  powder ;  but  at  sea,  if  a  conductor  is  led  through  the  hull 
and  near  the  magazine,  it  will  be  surrounded  by  bolts  and 
other  metallic  bodies  peculiarly  fitted  to  elicit  the  lateral  spark. 

Mr.  Harris  then  goes  on  to  show  that  no  action  is  visible 
when  electricity  traverses  a  chain,  but  he  ou^ht  to  know,  that 
in  passing  a  charge  through  a  chain  a  spark  is  seen  at  every 

{'unction  of  one  link  with  another ;  a  phenomenon  which  can 
)e  proved  to  exist  by  any  one  possessing  the  ordinary  electri- 
cal apparatus. 

Mr.  Harris  then  proceeds  (he  says  **  not  with  an  unfriendly 
feeling,"  but  with  what  other  I  am  at  a  loss  to  divine)  to  state 
^hat  I  have  failed  to  fulfil  my  profession  of  examining  the 
causes  of  accidents  at  sea,  from  lightning  &c.  Now  the  fact 
is,  I  have  expressly  stated  ^^  the  causes  can  be  traced  to  two 
principal  heads,  viz.,  the  form  and  position  of  the  conductor." 
It  is  true  I  have  not  given  a  long  high  sounding  list  of  acci- 
dents, for  unfortunately  they  are  too  well  known  to  require  a 

*  Annals  of  Electricity,  &c.,  Vol.  I.,  page  468. 
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recapitulation,  and  I  little  thought  it  would  be  necessary  to 
impress  on  my  hearers  that  accidents  had  occurred  from  light- 
ning. 

Again,  Mr.  Harris  finds  a  want  of  originality  in  my  inves- 
tigations^ but  I  think  I  may  safely  assert  that  prior  to  the  ap- 
pearance of  my  paper  no  form  or  position  was  proposed  for  a 
conductor,  that  would  obviate  the  objection  of  the  lateral  ex- 
plosion, nor  am  I  aware  this  objection  was  ever  before  raised 
to  conductors  then  in  use. 

And  further  Mr.  Harris  states  '*  I  have  substituted  objec- 
tions not  warranted  by  any  known  fact."  Here  he  is  in  error, 
for,  as  I  have  before  shown.  Professor  Henry  has  proved  the 
fact  of  the  lateral  explosion  in  a  most  satisfactory  manner,  and 
I  may  also  call  to  my  aid  the  statement  of  another  distin- 
guished philosopher.  Dr.  Roget ;  who  has  shown  that  a  shock 
is  felt  on  grasping  a  wire,  through  which  a  charge  is  passed ; 
and  he  has  also  instanced  another  experiment  in  which  the 
lateral  explosion  is  apparent ;  therefore,  unless  Mr.  Harris 
proves  that  Dr.  Roget,  Professor  Henry,  and  M.  Becquerel 
have  stated  what  is  not  the  feet,  I  can  decidedly  contradict 
Mr.  Harris  when  he  states  I  have  brought  forward  objections 
"  unwarranted  by  any  known  fact.*' 

In  reply  to  the  last  paragraph  of  Mr.  Harris's  paper  I  assert 
that  my  rope  does  not  require  constant  watching,  and  that  it 
is  quite  as  able  "to  take  care  of  itself '*  as  any  series  of  plates 
can  be,  and  that  neither  the  standing  nor  running  rigging  is  at 
all  interfered  with,  and  that  a  perfect  continuity  of  conduction 
is  maintained  under  all  circumstances. 

I  do  not  doubt  but  that  Mr.  Harris  has  adhered  to  conclu- 
sions drawn  frcnn  his  own  experiments ;  but  for  the  support  of 
my  position  I  have  not  entirely  relied  upon  my  own  experience, 
but  have  brought  forward  to  my  aid  the  opinions  of  three  dis- 
tinguished philosophers. 

I  am  very  sorry,  if  in  this  communication  I  have  not  main- 
tained the  strict  courtesy  due  from  one  gentleman  to  another, 
for  it  has  been  my  wish  and  object  so  to  do,  and  I  hope  I  may 
never  be  betrayea  into  any  warmth  of  expression  unsuitable 
to  the  dispassionate  manner  in  which  scientific  subjects  should 
be  treated. 

Remaining,  Dear  Sir, 
Truly  yours, 

MARTYN  ROBERTS. 

&yn.  y.  caerau,  Uanelly, 
Carmarthenshire, 
March  8th,  1838. 
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XLII.  Description  of  some  Experiments  made  with  the 
Voltaic  Battery y  by  Andrew  Crosse,  Esq.  of  Broom^ 
fieldj  near  Taunton^  for  the  purpose  of  producing 
Crystals  ;  in  the  process  of  which  Experiments  certain 
Insects  constantly  appeared.  Communicated  in  a  Letter 
dated  27th  December y  1837,  addressed  to  the  Secretary 
of  the  London  Electrical  Society, 

Read  20lh  January,  18S8.* 

My  dear  Sir, 
I  trust  that  the  gentlemen  who  compose  the  "  Electrical 
Society"  will  not  imagine  that  because  I  have  so  long  de- 
layed answering  their  request,  to  furnish  the  Society  through 
you,  as  its  organ^  with  a  full  account  of  my  electrical  experi- 
ments, in  which  a  certain  insect  made  its  unexpected  appear- 
ance, that  such  delay  has  been  occasioned  by  any  desire  of 
withholding  what  I  have  to  state  from  the  Society  in  particular, 
or  the  public  at  large.  I  am  delighted  to  find  that  at  last,  late, 
though  not  the  less  called  for,  a  body  of  scientific  gentlemen 
have  linked  themselves  together  for  the  sake  of  exfdorin^  and 
making  public  those  mysteries,  which  hitherto,  under  a 
variety  of  names,  and  ascribed  to  all  causes  but  the  true  one, 
have  eluded  the  grasp  of  men  of  research,  and  served  to 
perplex^  perhaps,  rather  than  to  afford  sufficient  data  to  theorise 
upon.  It  is  true  that  much  has  been  done  in  the  course  of  a 
few  years,  and  that  which  has  been  done  only  affords  the 
strongest  reason  for  believing  that  vastly  more  remains  to  be 
done.  It  would  be  presumptuous  in  me  to  enumerate  the  ser- 
vices of  a  Davy,  a  Faraday,  and  many  other  great  men  at 
home,  or  a  Volta  and  an  Amp^e,  with  a  host  of  others  abroad. 
These  distinguished  men  have  laid  the  foundations,  on  which 
their  successors  ought  to  endeavour  to  erect  a  building  worthy 
of  the  scale  in  which  it  has  been  commenced.  Electricity  is 
no  longer  the  paltry  confined  science  which  it  was  once  fancied 
to  be,  making  its  appearance  only  from  the  friction  of  glass 
or  wa^,  emi^yed  in  childish  purposes,  serving  aa  a  trick  iot 
the  school  boy,  or  a  nostrum  for  the  quack.  But  it  is,  even 
now,  thouffh  in  its  infancy,  proved  to  be  most  intimately  con- 
nected with  all  operations  in  chemistry,  with  magnetism,  with 
light  and  caloric;  apparently  a  property  belonging  to  all 
mffctter,  perhaps. rangmg  through  all  space,  from  sun  to  sun, 
from  planet  to  planet,  and  not  improbably  the  secondary 
cause  of  every  change  in  the  animal,  mineraJ,  vegetable,  and 

♦  From  the  Transactions  of  the  London  Electrical  Society. 
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gaseous  systems.  It  is  to  determine  whether  this  be  or  not, 
the  case,  as  far  as  human  faculties  can  determine,  to  ascertain 
what  rank  in  the  tree  of  science  electricity  is  to  hold ;  to  en- 
deavour to  find  out  to  what  usefiil  purposes  it  might  be  applied, 
that  I  conceive  is  the  object  of  your  Society,  and  I  shall  at  all 
times  be  ready  and  willing,  as  a  member,  to  contribute  my 
quota  of  information  to  its  support,  knowing  well,  that  how- 
ever little  it  might  be,  it  will  be  as  kindly  received  as  it  is 
humbly  offered.  It  is  most  unpleasing  to  my  feelings  to  glance 
at  myself  as  an  individual,  but  I  have  met  with  so  much  viru- 
lence and  abuse,  samuch  calumny  and  misrepresentation,  in 
consequence  of  the  experiments  which  I  am  about  to  detail, 
and  which  it  seems  in  this  nineteenth  century  a  crime  to  have 
made,  that  I  must  state,  not  for  the  sake  of  myself  (for  I  ut- 
terly scorn  all  such  misrepresentations),  but  for  the  sake  of 
trutli  and  the  science  which  I  follow,  that  I  am  neither  an 
"Atheist,"  nor  a  "Materialist,"  nor  a  "self  imagined  crea- 
tor,*' but  a  humble  and  lowly  reverencer  of  that  Great  Being, 
whose  laws  my  accusers  seem  wholly  to  have  lost  sight  of. 
M(^e  than  this,  it  is  my  conviction,  that  science  is  only  valu- 
able as  a  mean  to  a  greater  end.  I  can  assure  you,  sir,  that 
I  attach  no  particular  value  to  any  experiment  that  I  have 
made,  and  that  my  feelings  and  habits  are  much  more  of  a 
retiring  than  an  obtruding  character ;  and  I  care  not  if  what 
I  have  done  be  entirely  overthrown,  if  truth  be  elicited.  The 
fDllowing  is  a  plain  and  correct  account  of  the  experiments 
alluded  to. 

In  the  course  of  my  endeavours  to  form  artificial  minerals 
by  a  long-continued  electric  action  on  fluids  holding  in  solu- 
tion such  substances  as  were  necessary  to  my  purpose,  I  had 
recourse  to  every  variety  of  contrivance  which  I  could  think 
of,  so  that,  on  the  one  hand,  I  might  be  enabled  to  keep  up  a 
never-failing  electrical  current  of  greater  or  less  intensity,  or 
quantity,  or  both,  as  the  case  seemed  to  require ;  and  on  the 
other  liand,  that  the  soluticms  made  use  of  should  be  exposed 
to  the  electric  action  in  the  manner  best  calculated  to  effect 
the  object  in  view.  Amongst  other  contrivances,  I  constructed . 
a  wooden  firame,  of  about  two  feet  in  height,  consisting  of 
four  legs  proceeding  from  a  shelf  at  the  bottom  supporting 
another  at  the  top,  and  containing  a  third  in  the  middle, 
^ach  of  these  shelves  was  about  seven  inches  square.  The 
upper  one  was  pierced  with  an  aperture,  in  which  was  fixed 
a  fimnel  of  Wedgewood  ware,  within  which  rested  a  quart 
basin  on  a  circular  piece  of  mahogany  placed  within  the  fun- 
nel.. When  this  basin  was  filled  with  a  fluid,  a  strip  of  flannel 
wetted  with  the  same,  was  suspended  over  the  edge  of  the 
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basin  and  inside  the  funnel  which,  acting  as  a  syj^on,  con* 
veyed  the  fluid  out  of  the  basin,  through  the  funnel,  in  suc- 
cessive drops.  The  middle  shelf  of  the  frame  was  likewise 
pierced  with  an  aperture,  in  which  was  fixed  a  smaller  funnel 
of  glass,  which  supported  a  piece  of  somewhat  porous  red 
oxide  of  iron  from  Vesuvius,  immediately  under  the  dropping 
of  the  upper  funnel.  This  stone  was  kept  constantly  electri- 
fied by  means  of  two  platina  wires  on  either  side  of  it,  con- 
nected with  the  poles  of  a  Voltaic  battery  of  nineteen  pairs  of 
five-inch  zinc  and  copper  single  plates,  in  two  porcelain 
troughs,  the  cells  of  which  were  filled  at  first  with  water  and 
TTT  of  hydrochloric  acid,  but  afterwards  with  water  alone.  I 
may  here  state,  that  in  sdl  my  subsequent  experiments  relative 
to  these  insects,  I  filled  the  cells  of  the  batteries  employed  with 
nothing  but  common  water.  The  lower  shelf  merely  supported 
a  wide-mouthed  bottle,  to  receive  the  drops  as  they  fell  from 
the  second  funnel.  When  the  basin  was  nearly  emptied,  the 
fluid  was  poured  back  again  from  the  bottle  below  into  the 
basin  above,  M^ithout  disturbing  the  position  of  the  stone. 
It  was  by  mere  chance  that  I  selected  this  volcanic  substance, 
choosing  it  from  its  partial  porosity ;  nor  do  I  believe  that  it 
had  the  slightest  effect  in  the  production  of  the  insects  to  be 
described.  The  fluid  with  which  I  filled  the  basin  was  made 
as  follows. 

I  reduced  a  piede  of  J)lack  flint  to  powder,  having  first  ex- 
posed it  to  a  red  heat  and  quenched  it  in  water  to  make  it 
friable.  Of  this  powder  I  took  two  ounces,  and  mixed  them 
intensely  with  six  ounces  of  carbonate  of  potassa,  exposed 
them  to  a  strong  heat  for  fifteen  minutes  in  a  black  lead  cruci- 
ble in  an  air  furnace,  and  then  poured  the  fused  compound  on 
an  iron  plate,  reduced  it  to  powder  while  still  warm,  poured 
boiling  water  on  it,  and  kept  it  boiling  for  some  minutes  in  a 
sand  bath.  The  greater  part  of  the  soluble  glass  thus  fused, 
was  taken  up  by  the  water,  together  with  a  portion  of  alumina 
from  the  crucible.  I  should  have  used  one  of  silver,  but  had 
none  sufiiciently  large.  To  a  portion  of  the  siUcate  of  pot- 
.assa  thus  fused,  I  added  some  boiling  water  to  dilute  it,  and 
then  slowly  added  hydrochloric  acid  to  supersaturation.  A 
strange  remark  was  made  on  this  part  of  the  experiment  at 
the  meeting  of  the  Briti^  Association  at  Liverpool,  it  being 
then  gravely  stated,  that  it  was  impossible  to  add  an  acid  to  a 
silicate  of  potassa  without  precipitating  the  silica  1  This,  of 
course,  must  be  the  case,  unless  the  solution  be  diluted  with 
water.  My  object  in  subjecting  this  fluid  to  a  long-continued 
electric  action  through  the  intervention  of  a  porous  stone,  was 
to  form,  if  possible^  crystals  of  silica  at  one  of  the  poles  of 


Digitized  by 


Google 


made  toith  the  voltaic  battery.  249 

the  battery,  but  I  failed  in  accomplishing  this  by  those 
means.  On  the  fourteenth*  day  from  the  commencement  of 
the  experiment,  I  observed,  through  a  lens,  a  few  small 
whitish  excrescences  or  nipples  projecting,  from  about  the 
middle  of  the  electrified  stone,  and  nearly  under  the  dropping 
of  the  fluid  above.  On  the  eighteenth*  day  these  projections 
enlarged,  and  seven  or  eight  filaments,  each  of  them  longer 
than  the  excrescence  from  which  it  grew,  made  their  appear- 
ance on  each  of  the  nipples.  On  the  twenty-second*  day  these 
appearances  were  more  elevated  and  distinct,  and  on  the 
twenty-sixth*  day  each  figure  assumed  the  form  of  a  perfect  in- 
sect, standing  erect  on  a  few  bristles  which  formed  its  tail. 
Till  this  period  I  had  no  notion  that  these  appearances  were 
any  other  than  an  incipient  mineral  formation;  but  it  was  not 
until  the  twenty-eighth  day,  when  I  plainly  perceived  these 
little  creatures  move  their  legs  that  I  felt  any  surprise,  and 
I  must  own  that  when  this  took  place,  I  was  not  a  little 
astonished.  I  endeavoured  to  detach  with  the  point  of  a 
needle,  one  or  two  of  them  from  its  position  on  the  stone, 
but  they  immediately  died,  and  I  was  obliged  to  wait  patiently 
for  a  few  days  longer,  when  they  separated  themselves  from 
the  stone,  and  moved  about  at  pleasure,  although  they  had 
been  for  some  time  after  their  birth  apparently  averse  to  mo- 
tion. In  the  course  of  a  few  weeks  about  a  hundred  of  them 
made  their  appearance  on  the  stone.  I  observed  that  at  first 
each  of  them  fixed  itself  fwr  a  considerable  time  in  one  spot, 
appearing,  as  far  as  I  could  judge,  to  feed  by  suction ;  but 
when  a  ray  of  light  from  the  sun  was  directed  upon  it,  it 
seemed  disturbed,  and  removed  itself  to  the  shaded  part  of 
the  stone.  Out  of  about  a  hundred  insects,  not  above  five 
or  six  were  bom  on  the  south  side  of  the  stone.  I  examined 
some  of  them  with  the  microscope,  and  observed  that  the 
smaller  ones  appeared  to  have  only  six  legs,  but  the  larger 
ones  eight.  It  would  be  superfluous  to  attempt  a  description 
of  these  little  mites  when  so  excellent  a  one  has  been  trans- 
mitted from  Paris.f  It  seems  that  they  are  of  the  genus 
Acarus,  but  of  a  species  not  hitherto  observed.  I  have  had 
three  separate  formations  of  similar  insects  at  different  times, 
from  fresh  portions  of  the  same  fluid,  with  the  same  apparatus. 
As  I  considered  the  result  of  this  experiment  rather  extra- 
ordinary, I  made  some  of  my  friends  acquainted  with  it, 
amongst  whom  were  some  highly  scientific  gentlemen^  and 

♦  Plate  VIII.  denoted  by  the  fig.  a,  6,  c,  and  A 
*  f  This  description,  with  a  magnified  figure  of  the  insect  will 
appear  in  our  next  number.    Edit. 
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they  plainly  perceived  the  insect  in  various  states.  I  likd- 
wise  transmitted  some  of  them  to  one  of  our  most  distinguished 
physiologists  in  London,  and  the  opinion  of  this  gentleman^ 
as  well  as  of  other  eminent  persons  to  whom  he  showed  them^ 
coincided  with  that  of  the  gentlemen  of  the  Academic  des 
Sciences^  a^  to  their  genus  and  species.  1  have  never  ventured 
an  opinion  as  to  the  cause  of  their  birth,  and  for  a  very  good 
reason — I  was  unable  to  form  one.  The  most  simple  solution 
of  the  problem  which  occurred  to  me,  was,  that  they  arose 
from  ova  deposited  by  insects  floatinff  in  the  atmosphere,  and 
that  they  might  possibly  be  hatched  by  the  electric  action. 
Still  I  could  not  imagine  that  an  ovum  could  shoot  out 
filaments,  and  that  those  filaments  would  beccnne  bristles ; 
and  moreover,  I  could  not  detect^  on  the  closest  examination, 
any  remains  of  a  shell.  Again,  we  have  no  right  to  assume 
that  electric  action  is  necessary  to  vitality,  until  such  fact 
shall  have  been  most  distinctly  praved.  I  next  imagined,  as 
others  have  done,  that  they  might  have  originated  from  the 
waterj  and  consequently  made  a  close  examination  of  several 
hundred  vessels^  filled  with  the  same  water  as  that  which  held 
in  solution  the  silicate  of  potassa,  in  the  same  room,  which 
vessels  constituted  the  celU  of  a  large  Voltaic  battery,  used 
without  acid.  In  n(Mie  of  these  vessels  could  I  perceive  the 
trace  of  an  insect  of  that  description.  I  likewise  closely  exa-* 
mined  the  crevices  and  most  dusty  parts  of  the  room  with  no 
better  success.  In  the  course  of  some  months,  indeed,  these 
insects  so  increased,  that  when  they  were  strong  enough  tO: 
leave  their  moistened  birth-place,  they  issued  out  in  different 
directions,  I  suppose,  in  quest  of  food ;  but  they  generally 
huddled  together  under  a  card  or  piece  of  paper  in  their 
neighbourhood,  as  if  to  avoid  light  and  disturbance.  In  the 
course  c^my  experiments  upon  other  matters,  I  filled  a  glass 
basin  with  a  concentrated  solution  of  silicate  of  potassa  wimout 
acid,,  in  the  middle  of  which  I  {daced  a  piece  of  brick,  used  in 
this  neighbourhood  for  domestic  purposes,  and  consisting 
mostly  of  silica.  Two  wires  of  platina  connected  either  end 
af  the  brick  with  the  poles  of  a  Voltaic  battery  of  sixty-three 
pairs  of  plates,  each  about  two  inches  square.  After  many 
months'  action,  silica  in  a  gelatinous  state  formed  in  some 
quantity  round  the  bottom  of  the  brick,  and  as  the  solution 
evapc»rated,  I  replaced  it  by  fresh  additions,  so  that  the  out- 
side of  the  glass  beusin  being  constantly  wet  by  repeated 
overflowings,  was,  of  course,  constantly  electrified.  On  this 
outside,  as  well  as  on  the  ed^  of  the  fluid  within,  I  one  day 
perceived  the  well-known  whitish  excrescence  with  its  project- 
ing filaments.   In  the  course  of  time  they  increased  in  number,; 
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and  as  they  successively  burst  into  life,  the  whole  table  on 
which  the  apparatus  stood,  at  last  was  covered  with  similar 
insects,  which  hid  themselves  wherever  they  could  find  a 
shelter.  Some  of  them  were  of  diiferent  sizes,  there  being  a 
considerable  difference  in  this  respect  between  the  larger  and 
smaller ;  and  they  were  plainly  perceptible  to  the  naked  eye  as 
they  nimbly  crawled  from  one  spot  to  another.  I  closely 
examined  the  table  with  a  lens,  but  could  perceive  no  such 
excrescence  as  that  which  marks  their  incipient  state,  on  any 
part  of  it.  While  these  effects  were  taking  place  in  my 
electrical  room,  similar  formations  were  making  their  appear- 
ance in  another  room,  distant  from  the  former.  I  had  here 
placed  on  a  table,  three  Voltaic  batteries  unconnected  with 
each  other.  The  first  consisted  of  twenty  pairs  of  two-inch 
plates,  between  the  poles  of  which  I  placed  a  glass  cylinder 
filled  with  a  concentrated  solution  of  silicate  of  potassa,  in 
which  was  suspended  a  piece  of  clay  slate  by  two  platina  wire9 
connected  with  either  pole  of  the  battery.  A  piece  of  paper 
was  placed  on  the  top  of  the  cylinder  to  keep  out  the  dust. 
After  many  months'  action,  gelatinous  silica  in  various  forms 
was  electrically  attracted  to  the  slate,  which  it  coated  in  ra- 
ther a  singular  manner,  unnecessary  here  to  describe.  In  the 
course  of  time  I  observed  similar  insects  in  their  incipient  state 
forming  around  the  edge  of  the  fluid  within  the  jar,  which, 
when  perfect,  crawled  about  the  inner  sur&ce  of  the  paper  with 
great  activity.  The  second  battery  consisted  of  twenty  pairs 
of  cylinders,  each  equal  to  a  four-inch  plate.  Between  the 
poles  of  this  I  interposed  a  series  of  seven  glass  cylinders,  filled 
with  the  following  concentrated  solutions: — 1.  Nitrate  of  cop- 
per:  2b  Sub-carbonate  of  potassa:  3.  Sulphate  of  com&r  ; 
4.  Green  sidphate  of  iron  :  5.  Sulphate  of  zinc :  6.  Water 
acidified  with  a  minute  portion  of  hydrochloric  acid:  7# 
Water  poured  on  powderea  metallic  arsenic,  resting  on  a  cop- 
per cup,  connected  with  thejpositive  jpole  of  the  battery.  All 
these  cylinders  were  electrically  united  tpgether  by  arcs  of 
sheet  copper,  so  that  the  same  electric  current  passed  through 
the  whole  of  them. 

After  many  mondis'  action^  and  consequent  formation  of 
certain  crystalline  matters,  which  it  is  not  my  object  here  to 
notice>  I  observed  similar  excrescences  with  those  before  de* 
scribed  at  the  edge  of  the  fluid  in  every  one  of  the  cylinders, 
excepting  the  two  which  contained  the  carbonate  of  potassa^ 
and  the  metallic  arsenic;  and  in  due  time  a  host  of  insects 
made  their  appearance.  It  was  curious  to  observe  the 
crystallised  nitrate  and  sulphate  of  copper,  which  formed  by 
slow  evaporation  at  the  edge  of  the  respective  solutions^ 
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dotted  here  and  there  with  these  hairy  excrescences.  At  thci 
foot  of  each  of  the  cylinders  I  had  placed  a  paper  ticket  upon 
the  table,  and  on  lifting  them  up  I  found  a  little  colony  of 
insects  under  each,  but  no  appearance  whatever  of  their  having 
been  bom  under  their  respective  papers,  or  on  any  part  of 
the  table.  The  third  battery  consisted  of  twenty  pairs  of 
cylinders,  each  equal  to  a  three-inch  plate.  Between  the  poles 
of  this  I  intei^posed  likewise  a  series  of  six  glass  cylinders, 
filled  with  vanous  solutions,  in  only  one  of  which  I  obtained 
the  insect.  This  contained  a  concentrated  solution  of  sili- 
cate of  potassa.  A  bent  iron  wire,  one-fifth  of  an  inch  in 
diameter,  in  the  form  of  an  inverted  syphon,  was  plunged 
some  inches  into  this  solution,  and  connected  it  with  the 
positive  pole,  whilst  a  small  coil  of  fine  silver  wire  joined  it 
with  the  negative. 

After  some  months'  electrical  action,  gelatinous  silica  en- 
veloped both  wires,  but  in  much  greater  quantity  at  the  posi- 
tive pole ;  and  in  about  eight  months  from  the  commencement 
of  the  experiment,  on  examining  these  two  wires  very  minutely, 
by  means  of  a  lens,  having  removed  them  from  the  solution 
for  that  purpose,  I  plainly  perceived  one  of  these  incipient  in- 
sects upon  the  gelatinous  silica  on  the  silver  wire,  and  about 
half  an  inch  below  the  siur&ce  of  the  fluid,  when  replaced  in 
its  original  position.  In  the  course  of  time,  more  insects  made 
their  appearance,  till,  at  last,  I  counted  at  once  three  on  the 
negative  and  twelve  on  the  positive  wire.  Some  of  them 
were  formed  on  the  naked  part  of  the  wires,  that  is,  on  that 
part  which  was  partially  bare  of  gelatinous  silica :  but  they 
were  mostly  imbedded  more  or  less  in  the  silica,  with  eight 
or  ten  filaments  projecting  from  each  beyond  the  silica.  It 
was  perfectly  impossible  to  mistake  them,  after  having  made 
oneself  master  of  their  different  appearances ;  and  an  occasional 
motion  in  the  filaments  of  those  that  had  been  the  longest 
formed  was  very  perceptible,  and  observed  by  many  of  my 
visitors,  without  my  having  previously  noticed  the  fact  to 
them.  Most  of  these  productions  took  place  from  half  to 
three-quarters  of  an  inch  under  the  surface  of  the  fluid, 
which,  as  it  evaporated  very  slowly,  I  kept  to  the  same  level 
by  adding  fresh  portions.  As  some  of  these  insects  were 
formed  on  the  inverted  part  of  the  syphon-shaped  wire, 
I  cannot  imagine  how  they  contrived  to  arrive  at  the  surfietce, 
and  to  extricate  themselves  from  the  fluid:  yet  this  they  did 
repeatedly;  their  old  places  were  vacated,  and  others  were 
bom  in  new  ones.  Whether  they  were  in  an  imperfect  state 
(except  just  at  the  commencement  of  their  formation),  or  in  a 
p^ect  one,  they  had  all  the  distinguishing  characteristic 
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of  bristles  projecting  from  their  bodies^  which  occasioned  the 
French  savans  to  remark  that  they  resembled  a  microscopic 
porcupine.     I  must  not  omit  to  state^  that  the  room  in  which 
these  three  batteries  were  acting  was  kept  almost  constantly 
darkened.     It  was  not  my  intention  to  make  known  these 
observations  until  I  myself  should  be  better  informed  about 
die  matter.     Chance  led  to  the  publication  of  an  erroneous 
account  of  them,  which  I  was  under  the  necessity  of  explaining. 
it  is  so  difficult  to  arrive  at  the  truth,  that  mankind  would  do 
better  to  lend  their,  aasistance  to  explore  what  may  be  worth 
investigating,  than  to  endeavour  to  crush  in  its  bud  that  which 
might  otherwise  expand  into  a  flower.   In  giving  this  account, 
I  have  merely  stilted  those  circumstances  regi^ng  the  ap- 
pearance of  insects,  which  I  have  noticed  during  my  iAvesti- 
gations  into  the  formation  of  mineral  matters;  I  have  never 
studied  physiology,  and  am  not  aware  under  what  circum- 
stances the  birth  of  this  class  of  insects  is  usually  developed. 
In  my  first  experiment  I  had  made  use  of  flannel,  wood,  and  a 
volcanic  stone;  in  the  last,  none  of  these  substances  were 
present.     I  never,  for  a  moment,  entertained  the  idea  that 
the  electric  fluid  had  animated  the  organic  remains  of  in- 
sects, or  fossil  eggs,  previously  existing  in  the  stone  or  the 
silica;  and  have  formed  no  visionary  theory  which  I  would 
travel  out  of  my  way  to  support.     I  have  since  repeated  these 
latter  experiments  in  a  thurd  room,  in  which  there  are  now 
two  batteries  at  work.     One  consisting  of  eleven  pairs  of  cy- 
linders, made  of  four-inch  plates  between  the  poles  of  which 
is  placed  a  glass  cylinder,  filled  with  silicate  of  potassa^ 
in  which  is  suspended  a  piece  of  slate  between  two  wires  of 
platina,  as  before,  and  covered  loosely  with  paper.     Here, 
again,  is  another  crop  of  insects  formed.     The  oUier  battery 
consists  of  twenty  pairs  of  cylinders,  the  electric  current  of 
which  is  passed  through  six  different  solutions  in  glass  cylin- 
ders, in  three  of  which  only  is  the  insect  formed,  viz.,  1st.  in 
nitrate  of  copper ;  2d.  in  sulphate  of  copper,  in  each  of  which 
the  insect  is  only  produced  at  the  edge  of  the  fluid,  as  far  as  I 
can  make  out;  and  3d.  by  the  old  apparatus  of  coiled  silver 
and  iron  wire  in  silicate  of  potassa,  as  before.    There  are  now 
forming  on  the  bottom  of  this  positively  electrified  wire 
similar  insects,  at  the  distance  of  fully  two  inches  below 
the  sur&ce  of  the  fluid.     On  examining  these,  I  have  lately 
noticed  a  peculiar  quality  they  possess  whilst  in  an  incipient 
state.     After  being  kept  some  minutes  out  of  the  solution, 
they  contract  their  filaments,  so  as,  in  some  cases,  wholly,  and 
in  others  partially,  to  disappear.    I  at  first  thought  they  were 
destroyed;  but,  on  examining  the  same  spots,  on  th^  next 
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day,  they  were  as  perceptible  as  before.  In  this  respect, 
they  seem  not  unlike  the  zoophytes,  which  adhere  to  the 
FOCKS  on  the  sea-shore  and  which  contract  on  the  approach 
of  a  finger.  I  may  likewise  remark,  that  I  have  not  been  able 
to  detect  their  eyes,  even  when  viewed  under  a  powerful  mi- 
croscope, although  I  once  fancied  I  perceived  them.  The 
extreme  heat  of  summer  and  cdid  of  winter  do  not  appear 
favourable  to  their  production,  which  succeeds  best,  I  think, 
in  spring  and  autumn.  As  in  the  above  account  I  have  oc- 
casionally made  use  of  the  word  ^^  formation,"  I  beg  that  it 
might  be  understood  that  I  do  not  mean  creation,  or  any 
thing  approaching  to  it.  I  am  not  aware  that  I  have  any 
thing  more  to  adS,  except  the  few  remarks  I  shall  conclude 
with.  . 

1st.  I  have  not  observed  a  formation  of  the  insect,  except 
on  a  moist  and  electrified  surface,  or  under  an  electrified 
fluid.  By  this  I  do  not  mean  to  assert  that  electricity  has 
any  thing  to  do  with  their  birth,  as  I  have  not  made  a  suf- 
ficient number  of  experiments  to  prove  or  disprove  it ;  and 
besides,  I  have  not  taken  those  necessary  precautions  which 
present  themselves  even  to  an  unscientific  view.  These  pre- 
cautions  are  not  so  easy  to  observe  as  may  at  first  sight  ap- 
pear. It  is,  however,  my  intention  to  repeat  these  experi- 
ments, by  pafi^ing  a  stream  of  electricity  through  cylinders 
filled  with  val'ious  fluids  undef  a  glass  receiver  inverted  over 
mercury,  the  greatest  possible  care  being  taken  to  shut  out 
extraneous  matter.  Should  there  be  those  who  blame  me  for 
not  having  done  this  bef<>re,  to  such  I  answer  that,  indepen- 
dent of  a  host  of  other  hindrances,  which  it  is  not  in  my 
power  to  set  aside,  I  have  been  closely  pursuing  a  long  train 
of  experiments  on  the  formation  of  crystalline  matters  by  the 
electric  agency,  and  now  diffisrent  modifications  of  the  Voltaic 
battery;  in  which  I  am  so  interested,  that  none  but  the  ardent 
can  conceive  what  is  not  in  my  power  to  describe. 

2dly.  These  insects  do  not  appear  to  have  originated 
from  others  similar  to  themselves,  as  they  are  formed  in  all 
cases  with  access  of  moisture,  and  in  some  cases  two  inches 
below  the  surface  of  the  fluid  in  which  they  are  bom;  and  if 
a  full  grown  and  perfect  insect  be  let  fall  into  any  fluid,  it 
is  infallibly  drowned. 

3dly.  I  believe  they  live  for  many  weeks:  occasionally  I 
have  found  them  dead  in  groups,  apparently  from  want  of  food. 

4thly.  It  has  been  frequently  suggested  to  me  to  repeat 
these  experiments  without  using  the  electric  agency;  but  this 
would  be  by  no  means  satisfactory,  let  the  event  be  what  it 
would.   It  is  well  known  that  saline  matters  are  easily  crystal- 
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lized  without  subjecting  them  to  the  electric  actkm;  but  it  by 
no  means  follows  that,  because  artificial  elec^city  is  not  ap- 
plied,  such  crystals  are  formed  without  the  electric  influence. 
1  have  made  so  many  experiments  on  electrical  crystallizati<»i, 
that  I  am  firmly  convinced  in  my  own  mind,  that  electric 
attraction  is  the  cause  of  the  formation  of  every  crystal, 
whether  artificial  electricity  be  applied  or  not.  I  am,  how- 
ever, well  aware  of  the  difficulty  of  getting  at  the  truth  in 
these  matters,  and  of  separating  cause  from  effect.  It  has  often 
occurred  to  me  how  it  is  that  such  numbers  of  animalcules  are 
produced  in  flour  and  water,  in  pepper  and  water  ?  also,  the 
insects  which  infest  fruit  trees  after  a  blight  ?  Does  not  a 
chemical  change  take  place  in  the  water,  and  likewise  in  the 
sap  of  the  tree  previous  to  the  appearance  of  these  insects, 
and  is  or  is  not  every  chemical  change  produced  by  electric 
agency  ?  In  making  these  observations  I  seek  to  mislead  no 
one.  The  book  of  nature  is  opened  wide  to  our  view  by 
the  Almighty  pow^,  and  we  must  endeavour,  as  far  as  our 
feeble  faculties  will  permit,  to  make  a  good  use  of  it ;  always 
remembering,  that  however  the  timid  may  shrink  from  inves- 
tigation, the  more  completely  the  secrets  of  nature  are  laid 
bare,  the  more  effectually  will  the  power  of  that  Great  Being 
be  manifested,  who  seems  to  have  ordained,  that 
*^  Order  is  Heaven's  first  law.** 

I  beg  to  remain,  in  the  mean  time,  my  dear  Sir, 

Your's,  very  sincerely, 

Broomfield,  ANDREW  CROSSE. 

December  27,  1837. 

P.S.  Since  writmg  the  above  account,  I  have  obtained  the 
insects  on  a  bare  platina  wire  plunged  into  fluo-silicic  acid,  one 
inch  below  the  surface  of  the  fluid  at  the  negative  pole  of  a 
small  battery  of  two-inch  plates  in  cells  filled  with  water. 
This  is  a  somewhat  singular  fluid  for  these  insects  to  breed  in, 
who  seem  to  have  a  flinty  taste,  although  they  are  by  no 
means  confined  to  silicious  fluids.  This  fluo-silicic  acid  was 
procured  from  London  some  time  since,  and  consequently 
made  of  London  water;  so  that  the  idea  of  their  being  natives 
of  the  Broomfield  water  is  quite  set  aside  by  this  result.  The 
apparatus  was  arranged  asfoQows ;  Fig.  58,  Plate  VIII.,  aglass 
basin  (a  pint  one)  partly  filled  with  fluo-silicic  acid  to  the 
level  1.  2,  a  small  porous  pan,  made  of  the  same  materials  as 
a  garden  pot,  partly  filled  with  the  same  acid  to  the  level  2, 
with  an  earthen  cover,  3,  placed  upon  it,  to  keep  out  the  light, 
dust,  &c.  4,  a  platina  wire  connected  with  the  positive  pole  of 
the  battery,  with  the  other  end  [dunged  into  the  acid  in  the 
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(fW«  S6,  a)  A  gJMifjIi-iiiiri  fend  wwrtakiiMrdbowlayMtM' 


(m)  m  §mt  wAfwr  wire  femed  mlo  a  twL  wUck  k  imoi^sed  into 
tbe  i«d  in  d^  crUnder  Um  otbe?  eml  b«n|f  conMCtod  with  tbe 
nemlive  pok  <^  me  battery,  (c)  ea  irea  wire  about  Ufifth  of  an 
uA  in  diameter,  bent  aomewfapt  in  the  form  of  an  inverted  syphcm, 


inuBeiaed  in  the  sanw  veMel,  and  connected  with  the  pontive  pole 
of  die  batterj.    (n  n)  inseets  in  their  incipient  state  making  their 
appearance,  aome  on  the  gehtinons  ^ica^  which  partially  covers 
>  wire,  and  some  on  die  lULked  wire  itself.    I^iese  insects  appear 


XUIL    JSodce  of  the  Electro^Magnetic  Machine  of  Mr, 
Thomas  Davenport,  of  Bandon.  near  Rutland.  Fermont^ 

Many  yean  have  passed  since  motion  was  first  produced  by 
gahanic  powi»'.  The  dry  columns  of  De  Luc  and  Zamboni, 
caused  tlue  yitoition  of  delicate  pendulums  and  the  ringing  of 
man  beOa,  for  kmg  periods  of  time^  even  several  years  with* 
out  intermisskm. 

In  1819— -20,  Professor  aSrsted,of  Cc^yenhagen,  discovered 
that  magnetism  was  evolved  between  the  poles  of  a  galvanic 
battery.  Professor  Sweigger,  of  Halle,  Germany,  by  his  gal- 
vanic  moltiidier,  succeeded  in  rendering  the  power  man&st 
when  tlie  galvamc  battery  was  nothing  more  thjem  two  small 
wires,  one  of  copper  and  the  other  of  zinc^  immersed  in  as 
much  acidulated  water  as  was  contained^n  a  wine  glass.  The 
power  thus  evdved  was  made  to  pass  through  many  con- 
volutions ijf  insulated  wire,  and  was  thus  augmented  so  as  to 
deflect  the  magnetic  needle  sometimes  even.90*.  Professor 
Mdl,  of  Utrecht,  by  winding  insulated  wire  round  soft  iron, 
imparted  to  it  prodigious  magnetic  power,  so  that  a  horse*shoe 
bar,  dius  provided,  and  connectea  with  a  galvanic  battery, 
woukl  lift  over  one  hundred  pounds.  About  the  same  time, 
Mr.  Joseph  Henry,  of  Albany,  now  Professor  Henry,  of 
Princeton  College,  by  a  new  method  of  winding  the  wire,  ob- 
tained an  almost  incredible  magnetic  force,  lifting  six  or 
seven  hundred  pounds,  with  a  pint  or  two  of  liquid^  and  a 
battery  of  corresponding  size :  nor  did  he  desist  until  a  short 
time  aiter,  he  lifted  thousands  of  pounds,  by  a  battery  of 
laiger  size,  but  still  very  small,  (1830). 

This  gentleman  was  not  slow  to  apply  his  skill  to  die  gene- 
i^tion  of  motion,  and  a  successful  attempt  of  his  is  on  recent! 
in  this  journal  (Silliman's,  vol.  xx.  p.  340).    A  power  was 

*  From  Silliman's  Journal  for  April,  18S7. 
Vol.  II.— A^.  10,  jipril,  1838.  S 
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[9ktitim,\Ai^miQtisigfi%  Bristol  J^/.St^^g^PKi^,pf  ,Wi?ftWfefe 
.England^  ^a6*reik»rt«i  ^gftlYe^is  Bf^ehio^/^iSi  Wii^H^^  ^9. 

^  .Bat  )J)elUei7ejt]uit.A&.  I>iiv^»pocti  Qaine^  a^  i^.ji^^)^ 

l>abl»tibaA.ki/ttfiEbilTei/xiio9foer^£  t^Uftij^i^i^i^idC^P^i^i^'^ 
dfltrirkigsi  awl  tanoacborot^ides^rq^tMil  fditi;i^m^^^,m%yi^ 

fliaMiiiavpraAtdmBtdiotiUilg  mmt^  tb^>a,  |;0{j^^.»4^iffi(i^ 

hf^m,  'fefirael  -Stadei^  (*■  TrclyvlN.vlf^^f^hlfnibifal^efe^ 
ibotiDftlbr  ioy>«itiittiittatidiiJ  'Tbeinovbkg)pajQ(rSs^di»^m^(^ 
two  koktMW  pldekl  boMfltiDhaUy^  naiui'craesasoeaeI^4)liix«r  A 

tb^y  iti^^'teimiidatM  at '>6i&(Ai'6nd  (by  t«  se^giileuti  )o£i«)'fmli 
made  ^4ti^  irim ;  thesis  atg^iinte  b/ib  eaoh  tlunae  isMM^EiiMi^ 
m  the  cboi*d  li^,  'aiid  their  pfofkioii^i  u  tihey .iref«iia|>^diM 
ii^nthe^endffof  tiib  iiidncbdta^<iiliovikbiital.  pi  '  1/ i(ia(;>  orft 
.    Tbifir'iiroai^tofi&f^s  sast4fn«d)fa»^m)v€^ioal^s  atiii^i^l^ 
its  ^VfFbt  in  d-'so^ket.  -|ttld^«i(ihaitti]^ricf 'jedsyodM 
bon  >oti:^?bttt«  dr^  wmittct  #i[tli  (obbpidB  Mirpe^  edv^sed  by  veoii|Qi^ 
nilidiiY^^  at!«>ii»iji^  t<!>)feAiH'{at(pta»iape^f«^4W 
With' a  stt8)t^^irdtilai^bat^y^«HKle>af  rrec)bceh4cH^ 
oeppei-4nd  Mno/lit^hiclx  'cdnbel  immersed:  inkt&rquaftt  a£c]|a^lt 

^   ^  Stur^efon»s'AilnftSi/of'Ele*titeityi  Mtfgii^ttBtti, 'Acij  NoiiVl^k 

l^Oeteber,  1886.-'     '    •••''    -'  :    :    >■  '   ^  .^.  m  .,}  [..••  -,„{ -v-a 
+  Mr.Dar^nfifottiLppean^ittha^'beexiiltrictly  the.iiwftn|tprr<>li# 

IBBihad  of  l^lJyiDg^tglBhWlriWTtQpf^  \y,y{\    Hit 
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t^id%^^x«^b«f  diltt«^d'ttdi^/  tjyi^iiiot^ni  Begm^'^ii^  tUe 
horizontal  movement  of  the  iron  cross,  with  its  citotdirrB^ 
l^ekls^r'^^sl  *  By  thie  g^d3&ic.e(ya]leQUcm$>thdbA  dtniksea 
^^^flh^'  'coiu!)fcctiEd  segment^/  ifr^'iuf^eiaokd^'^eUxjiiirtf^ 
ihbi^1[i< fttid  ^cMiA  'pokrity  «tt  tbeii:'  qpi)clsit«/«»di^e^eiiid(jtei0g 
M^Wi^dted  to  th<e  altracfiilg  ksdl:q^«Ui6^  fo^oe  ofxasei^bk 
f^dSit^  fi^^  i^giM^,  ar  f apid  hbri^aatd^OMfti^diukikiB^rodoeed^ 
^tt^th^^te  bfk^  %indr^(£to  thbehuadrbd  ifevolutadHa^lifa^ck 
^iiiMi/>#hki>«he'kiM' bAt|[^¥3r  Wa»  tasedv  uan^ 

S¥fe(4j>^B  awterittK^ot  df  a  lairge'Siaei^  I*€OTMhfras  wocnoi 
p  ^^^  Wieht  ^  fofi^t^tt  potmdb  jltta^ed^sndt^eAtyU^ig^ 
^hS^ime  lifted  frdhV  ^thb  door.   Thboiot^melDbdvwstli^ 


of  the  battery  with  those  of  the  machine,  when  it  becomes 
equalljr  rapid  m  the  opposite  direction.  v  - 

^'The'lia^hiabC  afiwfibiloi(biihiMlii»fl^m«QAii/iHf^ft^ 
kieatetifidi  Ani^l  Aurprisifig.  ^eqU.  and.  no:jii^«sOa.«rti  W.dj^ 
boi^rtjdi^y  ^thtetmjqtiom  may .  hot .  te?  iflddfinit^iy  fK»i*iJili«i 
ft  itikwt^to  cwraer^TcetyigridUaiifloMrtjef  ;tbe  ;ip^^         ce*t 
^st^^eidliqiiikffiom^^ancLof}^^  ilit^ 

titev^o^pbiclttrot  the  lKit|€lrj/v^i^>^^d^^^  tb6ii9»etal  of/  th^ 
tetttrWWjmuch  corroded -toi  be  jhb^  longer  ellkitotj  »«<JtbiWr 
Wwitt<jfeifi»yi4)€(iiidt»it^  .authatit^t^d^  mA  ,tbftt  w^vefi.  b^foire 
the  connexions  irith-thejoHdibaltet^ianebtool^eiiL.  .A^jto.t^^ 
^A^^'faf'jte  :pmet,  ifc  .be(»m«&.i*;jqitf«i£^TOWt<i$ife!rft$ting 
«d'4uiryiiwbeti]er/ttmdmita  of  ixi!(fefimt^^  :  *Tei  ^bi& 

^n<]ilify  4<1  iaaiy  /be  ,mpliedj( .  thati  ipix>lvidi^  thift  ,m^^iwtii|ift.  ,^ 
both't^reT«i|(^ingcr0aSia^p£tthj3jfiH0(i]ci^  bf^iidd^ 

jfimtely  itMoreaa^y  >tbenmo«baa£^  d^pe^r^iK^yr  th^.mex&fi.^ 

magnets  of  the  common  kind,  usually  called  permanent  mag- 
Jhets/find  ih^^]miiM^J(^]nii^A^m^ti,^i^  a 

few  hundred  pounds,  it  is  obvious  that  the  rey^siog  gftl^^WP 
^ign^t  imist,  in  its  afffieieilcyy.  bGHnBtjedytbyjitstt^tiDn  to 
the  fixed  iKia^net .    Bi&t  il  i^  ^m  importaht  fi^oty  ^i^oveited  by 
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'4ii^W,'btJiih{htHm]fltl^d^uMret>olving^m^ 
J  j|  .A  jpna^hi^.q^^tlrift  i9oi^^T?3,ptioja  h^a.^ft^W^irtfei^ m^ylMSfW 
who  came  from  New  York  to  New  Haven  for  thatjjHjijfi^qQn 

offft^f  r}^i^.>^-J)iqh.,]^g,iflopfiriy,.wpu^  yr^  i^^i*tg9tfi8^r 

i,iji|ira,4^jaft^i^t^^njAftin4^^,,t)ff^hfifl9^^^^ 
}.>   iTJwi?)^*WejiftJp^f(4t^^jl4eptiQ9^ 

j.,,,Tl^e,^^i^i:cJ^siftr^p^^4€i  o^hq^^ 

,;with:q9ppQn wj?^e  ;i^^8)[^^t4jWtJ^  cmt^nt7!79Pyi^iqjff  ,f^kB46ten 

by  a  double  winding,  so  as  to  form  two  l^^f^.%iH^i56ff^SiB§ 
),p^  ^Iv.pfiTOci^ett^^l:)q^tfPQ^^■$h^^     &B^  #P( Affiled 

These  semicircles  being  thus  fitted  upj)rg9[o§^it^iJ)€KP|iftft4r#it 
f»  J^e^uf §^[gftlH^§3«(  WM:nQts^l?«e  i^^li^il  j^fl^ygjie^^hine 

LtTB  .^i/to  Ifjonijfrn'Kj  wij  !jOiu;j''il>  11  Ir/jj;^  o?.  jh  ^oiriJ.i/5  ion  ob 
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of  the  mechani.a|»f^^vt^  B|Jwhm^r^^'b^^t^\^tt§i|yj^y§^uipji^ 
about  one  gut^rt  of  diluted  acid  to  immerse  it,  was  attached, 
4ntMd^6i*t^^p6^d»''vert  tia^aiyV'A#^*^^^^tfe6''%/ight 

'^^l^^iH^'4aS't!ife  ft^^^  the^'fA^efitf  p6V<^,4hat 

water,  was  sufficient  to  give  it  rapid  motidii;  #fdfeh"iltiin!6d 

m^imMM^'^mA^m  bMtety^iftfe^^a^W'iitifiiBi^J  it 


oaift^iHik&Mhiftf^ttdfWj^  ^eat  i^ov^y  ag^ifhft^aotte'^itli  tKe 
largest;  batteries,  and  even  with  aiiirgfe  Cfeloriilii)tdr;^'#HettSt 
^<feS»^«e»^SWfKo&A^iflirtl^  iildleid  6f  A  galv^^d-fllkgnet. 
^WM6  «Sfe  liiftdff batfei^y'diid'wiffh  iibnfe  bttt'deetl-b'iw  gftlftttflc 
^^  "MS,  Wi-^\r61^d"*^fthrsi(i  taii^h  ^rgy  ar      t^bdtiW'^a 

cif^^ftukifettA'irtcMJd-/ ^'^^  ^  ''■'  •  ^'^  ''"*   -'•'    -  ^"'   *'  V^ 

h'^Miio^^  te^  inkg^^iiafion  -df  both  the  StatiohAtj^^  tttid 

revolving  magnets  was  imparted  bj  one  and  the  same  ba'6tei?y, 
*tt^ifl§fed8tfy^^<^'*i«  1^ 

?tt^^  tfe^'xjofiii&idti'lbelM^feeti  the^^bftttei-JriaM  5the  k^tidliai?y 
'^^^^>^*)i*i^^h^h  «hfe%tt9  &ind>mi  mftchiniatiH^  Jiei«b*lttM 
-Tl^^Mtt«M^^Wttk^#rettl  4l§M&h  dilrt'lnlfehM  1§!idrgyV'ini 
i^MaAi^fliifr  ffi^t4d^iiipk!^nfi;  i|te  it  "^btiia'  giV6  •  tShi^^qto 

■mte^^^dhii^i^W^iheifl^rk^^ 
^%*6iS!m)fWnSicl^ey^^'^*^^^^  ^'^'^■^  ?^,^^'»^1  ^:>''>Trjiin:.;^.  o<'.)f(T 


do  not  attract  at  so  great  a  distance  as  permanent  ones,  and 
JttegrrfbreJW^'W9t-w^l?id£4pt#^  i3at0ti<Mi:'f^'Oif  this 

'|K)ifft5  Mf^.  B«veii][)drt^'miidft:  ti^^feJlowto    ekp|fritt<«fAtl;^f 
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SS8       .W^i^S^^i^p99^9^iitefi^^ 

ment^  it  was  found  that  the  ste€j)0|;igiii^iQi[|txi^te^         ttm 

ifm^t '  tianQf  iiittTC^^^vdiatame:o£T  tMf  mtgii^  y^^'^^^^'^'Q^^ 
l](9',/9Q9i(iQ$bi't^(tkfieft^foiirti)9j[<f3hQ^i^  iti 

Ml%  vStlt^e^>li^aM^be(bii«o  todfltosolfaoiBis  Mgvrit  ajajite^^ 

(^i^rnii  ioQV^iiBQ  ifkfk^  ^limfeBr.^  »^u:6a(  ]kM)lie^i&ttdidecl\witi^ 

1.  It  appears  then^  from  the  facts  stated  above,  that  elec- 
ifOriWiaf^i^l^ibdifii^il^Mai^^  tiieigei^enflieBffo^oinfofiiig 
motion.  .^^^t  ^ao  n//(Hi'i.'Hr  )iul  itm^-g  lo  'lowoq  W9fl  fi 

97r^  loIrh^liiy^^lotitoi^SHfft)^  UDeiai^  pflbffi»aikeaafe9D&gdets 

&i^i^cm^i^lni»i^<Qid;^or4lbea^ 

^  { rSrf  I  TJ^t  ith%i jrtwffff {gjjnenitedi by^ 

fij$aii£Mm^yibd  ^bsti(»ted^ciwtalMiUtotit9»ti|^^ 

Wtb^tfQrafcteiiie^dM.fti^ippfli^^  whfabiiSMi^^ht 

proportionate  weighty  size,  and  form  of  thejfixc^Aii|(lBlo9te- 
#M«lpatter-it<^i^^i5l«^3&  ^^^iftifnaMldtedfnHr^iiahdVlhe 
f§«TOe«x{tfvpiiiii4grtfciW-8r^  and  ooate. 

<^§i*i^rf*Jrt»  te^Atfet-^geftt^jfadrth*  donHmiBlffcamieiaklng 
ii^jb^(t^3f{l6itifc  thfe  ipii^lafibnifcr{ws)iad  aipp^ri|^i«4rta4tt^  thit 
^fiw«j®fl^t(feeBtoci»frsfriyarj^ 

ift^Wd«ffi«fffcW.lBiofii)TB  8i;oiv9Tq  lie  bniH^d  li^l  tr.rrM  dohlw 
^evoihd  o)  no^.89'^  lUfi  ?r  oiorh  (215  ,&[fi'>vMi  bus   /f;>v."»q  ^idt'^o 

*  The  writeiIs«^,iii^Chasga£stUnIeian3i6'lc& 
ha)<(i  iSt  seen  any  account  of  the  apparatus  or  of  ,tiBQ^Al4>orhiH^nt^ 
but  only  the  result  ^  tCB  1  , 1 C  i1j  iiiM 
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poands^  no  reason  can  be  discovered  ^^/  9ttNeti'>f&|A  aitoi^ 
^BioAcftsiie^bjPskaBfe^  tita$dba&|siiai>bkttgM^4ia^i(^^i^j^e, 

its  Iimi^,lflin:)m8rjr^b^e$tt^'t)fr^m6tcm«^ 

tsddh  <0$itep9»eigyi  <it  isfinnch^  tO;li^d^M^oi^^'^httl»  tlr^  int^ 

,/fevieU)9b^Jktojip$l^«tfi»d;  'be  l^eai^abty  iihp&A;'>&mt'  mmiii^ 
and  art,  the  baiulmaids  of  discovery,  wifi^^B  ):e<^(^i^>fr(fM 
this  interesting  research,  j^  Ubj^ijaJ,  :^^wpd. 

-09l9  iBflt  ,ovoJk  b'jlBJfc  fiV)ti\  odi  aio-rl  ,nof{j  ^in'Xj^jr.  H       I 

a  new  power  of  great  but  unknown  ener^«  fr  rtojn 

8idh@d0e^anrtBWBh€[  t|^^  ^ve 

Iheitotaodtoqkmrgrf^viinxifA^ 

mechanism;  nor  accumulate  hydrau^i(br^4)^dfiiMifig  th% 
jemBAf^iAaesgtm^'mttoisLi^iia  ^^^itafing 

$Bvt^nbi^i^>slb0isdimid»l3t97imn^^  ^ 

concealed  from  our  senses,  is  mysteriously  evolved,  and^'fey 
.tanttk|laenEaa)^»^ibtofe^i^^  iit(4r  giai^<)ft<^  i^i^4erio*slY 
•dgnffintid/i  s  t|iMsbad{«Jd^<th6iar$diii|bld^  «tt^  >  it>  ^redlA 
SatilumAi  iiiciffltorigienei^  ^  9 thk^  it>ft(S^j^pr6<Jiaatte  totii!«tal 

silNbiliiii|^ii9in^)tb€^idisabvd9y  i^f  f^^^tion  and  tif  'ili(^ 
^ErtvQcture  c£ih6iQQlai|idrIsty9te^4rM^^i^^ 

l^linrsiian9^icaiBija&  ailidiib,^M^^|cr£^^  i()f<M>tti)^biilid^ 

dniaiimj[lttat^jdbdpita«ren^^  mfti^ 

which  leaves  far  behind  all  previous  axtificiaL^^S^i^llJ^it^irii 
of  this  power,  and  reveals,  as  there  is  full  reason  to  believe> 

March 31, 1837.     ,  ^^'J^-^'^  Q^^*  ^^J^^o  ^ud 
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nw^-M^'X)^'^kii'kw^^'Mm¥''m^ 


haitnrjp  ,^d  ynrfr  y  I  if. fin  h  mrttffi 


-_ii^i}5|J,;j^^^ijc)iyin  5£li  to  iioi^ffi^qxi: 

'io  bBsoqraoo  Jon  8i  89djji  islsmorniDjrli  lol  bsiu joKtimBrn  886l^ 

of  a  solution  of  the  two  points  mentioned,  and  more  partteffiSlf^ 

^noiloBt^n&iT 
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base  line,  and  in  ^t*e^^ia^Qd*«e!«tt^^#^'^a  verification  of 
weights,  and  of  measures  of  length  and  capacity.  An  instrU'- 
m§fi§foi"l^ite»pi'j^ife8l^«^i«  ri^^«^w(»<^8^rtfo|i 

Ute^k  Latoi§ei-'itoa4%m^,iiiM>fi8^%i«%nmiMsmt|fevW 

been  employed,  the  least  exceptionable,  and  pr(fta|)I^^^t!i^ifl 

<lg^i^MQofife/«tS3&l%^iflfe^«^fiefi«ebi!^,'^8ffi'8^^ 

-^MrJte«asfe^^^e4^>df^  iii4ifl^ifeg;^kft^rie^n6lcte^^6f  %i# 
ifl8i^flg>t^#by>tfite<tti^>5f  niiik^Mmt^^i%m}  H  V^itt^^ 
jk^m  mu  if  ifef  scP^risJn^^hthv^WS^^ii  ^^Jro^iiriAttdi^  tt¥^  ^ 
t*4i^df«lk¥di^Wd»LatJltf<^y  *w»h^  i^cdi^^k'fhfe^lK^i^W 
e^i^iri^k^ft<6rii*tlife^tiri6MMfe  sK^tt'^fliilti^ 

M^tftbliWW^i^Ml^lttbW  «h>^bj^d«M,  «#Bi8h"ft'ih^ 

ri6U>%i3^ft-t^,  tt^^^ttWic<ftlef^W«^^8efi«t(^dWMk^g*»^ 

on^ttil^ifeton  §i^|^^>%ifft^^*^i^^^*iii'^^'^^^^^  dfe^^i 
underq34i^^ifife=^J6tSdfi/lf  ^hi|fli^  ri^k^f^Bi^t&i^eSfittiiH 
t6^^^6¥ftiHdfy'i^^flfe^^ctf  ttt«6^^«a4gkt  '4^8 

<flB§<^n,  ^W  wte^iJ[iblii§<eWihitetA^tt4e9^^i¥iM^^«btii^^ 


utility  of  the  instrument  in  minifti<^Se3n«iffe^*ihi^fes|^dlii8i^  __ 
ififtiS^^^ffiitf >ffiitBt»fe^^i)fe^^f>  ^'TH*m'kiiS4  tiefe'ct- >re 
td*«tatS^bflte^4k  $«^t,*^h^ttifl^feit{^¥^srfW  df '^ 

example  of  this,  the  temperature  of  distilled  wtffc^Wt^itikriitlii'^ 


mercui^^,< 

glass  manufactured  for  thermometer  tubes  is  not  composed  of 
^^p^»?5Qp^B^W§^ft^)Pfrt§fJ«feife^fli?lf^Wi^^ 

t^ffS%<^^'ii6q  9TOrn  bni?  .bsnor jnom  8 jnioq  owi  orfl "io  noitufog  a'io 

Memoirs  de  1' Institute.       ^    ,        ,...,.         ^  ^ 

+  Vide  Hassler  oiflHmtfbi?«flHffc^  Wm  U.  S.  in  the  Am.  Phil. 
Transactions. 
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365       Liei^\ft(hUi^  d^  itmiMHi^Mmeht  ppopo9ed\/or 

{llAgnnp^aHiitb  ti|;lnlll]p(il£tiitn  ^^3  tixeihitam^'mg  ileaag^^Hi 

and  as  all  the  buttsdkoore  Hot^^fae  flltimitlH^iieDBri  innveiatjbni^ 
tiKkf  asRpakitiBfli^itflfipfo^apliiat  i^ 

c«)ciEiAb^aaa&ie(t]^B;thdo€iipidiii9^  oHmwddvy^  HbmeXecb  ot  tte 
ftjdxiMtoturipieesdteyiBiiixfaD^ttuillltg  tii^oa|iieitie8(of'<fe  Imtitml 

aorefilber  sdii7beste£i^rh)ri%oo  .mil<kinri^  to  nmiiserilotdbahii  :) 
.oOSUUtkknletUlUitMliraB^teTsI  tl^  Bv^^t, 

firei^riiai^ka8td]rieelki^aUe;!  *  Th^£iMi%c>h^f9^vfmactKiiMti^ 
ieqilbsfrtke  h±ts  ^Ibel  kear^  iom^  sod  it  Iben  beoduiifea^cUEabreiise 
<lffi)DtberiiB»4oo'xdair^{toi9rob8^o^»irCT  sb 

apsttsatplasAiiluneDffciif  i-ti/-  '';-•.  -  -h;  n  .-:!  i  i  p  oj  .j^o'fuH 
,f^]4^t]Mi3mbiiidtei8  fisw.theiSBbsfc  acdoratebfiailt  7)^1  Hbctji^ 
kbpBiuidedtfaii  o^aeAiofti^4hat{viiiIe>1ike^  vidfiotihljs 

fi»^iaqafU')iiifiiteMfiMtQ£  tonqkritkur^  >tb^  coxttaiiiingT  bcklj; 

H^indihaiedtlka»ci&kjtraabBe.ot  T4Mii^'tr9a«d)weUrii^laithqlto 
^iffafctarlJBi  aa  ^MSIktltBiolhehriadr  titotaoobigtei^  oianotH 

ranges  of  temperature.  .d  )^n  ♦!  m  ifiupa 

>7^d^;niblid»edJ(ktoil8  q^tkaiii^BSuiieiiisiitiDfldibtiaBeidiEes 
tjfrmrioia  daoteBsn  teig(mai[ieUr^cid)8to>V€rya^<rfltfae  aaifeiwaeq 
iinlqtTQf  tileaioqefiitHe  nMridgsn^  aEanltJC^UdiaxMiabli^iiaifii^ 
4ib4tidBr(|»«£/9mg^  ^i^)ii^/atnd)(ei|mdtRpyJ8UavdA»W'J]^^ 
IdiOQi^ihdQgUl^'aapdciiHi^^  tiMttbdq^^qsdi^adohevMvri^p 

tb^aime  atf  a^ngidtaiituEa^rJ  >^Tlid(then9Qmet^d)afii  l^psNliba 
fihmpB\  wAtniMipgihloakl  kllctesamifemeeefiiii^eabsil^^ 
bd«nt«hDti»7ed}icMa3aiiftGiK^^ 

ijlstoolittiit^tbiidifarad  bdki|pBeitDM»i:<9f  o|itetiBg^«t8da»DMf^^ 
to  t]|e«Kt«ttt(tlBd;tmfai|(«d»htifictiMie^naii^s  kbmkraKb^raad'Jis 
carrec^ions  for  changes  of  temperature  enter  into  all  jQc^iniiii^ 
jjffitimiikiinm^kmed^Bksgrb^  mitbA  tfeffliks^  efubil>e 

aUtakecbmli^ldiBBitri^pe^tiir^iaiia  o^lnscdttnul 

B^snitiii^fran  saiiedabtihpQntpisaiiatt^acnbto 

ihsijfin|t5fdbfadl  dibqi1orj}|si«eiifcOTb|Mnlson£i^  iemmai 

finyaiidBfys^distMrtsM^  mtSiajtbeiadii!^  tf 

iriktel|^JmesBtlringiitilKiJ|Mi])iadeii8oia  Ae/rlalif^^lthe^fcibdf 
Binder Jii^aminatiad^  ndb^iit^oscjjpkybedjnbrkmi&aJdd^ 
pcfikutaulo  /^}AiiV'il)  hibt^iioc)  h  .]iWiij^iJi';'r  >,j  ,u  [)i  ["i  )-oi(.  o't ;/:■(') 
.vitp]l^q;x)ide  ^datepiriiqiUBhlitej^rst^oltlievdrcfi^ 
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culaB'i6>r^tfa0iis^st  of  iithriJ)^teii.uoAKjd«k(tate'*'kni£i'^ed^  >]a; 

MMid (ililM^.frii^eii  ifittihtis^Yeadein^md^  *% >itfad  0dlrtBati[o£ 
Ifae  kni&ledf^Tasd  it^bai  flttpfioFt^ 

almost  to  a  mathematical  point.  After  tlj^eenlnrdMof  gisairiAy^ 
i^aib  htoi(e  ftlseilii)K)RgiKt^<kfiiiitel^  nsaar  to  ^thanlcnife  ted^s, 
i^Id^ow  ^(flMn|:l^}theiitodii]dn9yta^  tfaaIaaMM[>)'ioi 

i^M  rgiHl[»Kit[«tt  4€lica^«i0^1fine<l  ato  tk^ts«ctiafdf  thtt[^nuuai 
viU^an^^f^itomi^iDedinqMferarri^^  )fi^  i^x^iiinsiiMlSfjto^ 
^efittifaftf^oriiet^lof  d»|taMBiy^  hi  ptm;mib^&diiA  .^msmdi 
ksi^fiiainiiByJi^ksgLi^^  to.eaotea'!di^il;im|{Jti»itefdrnitii 
fiiB»»tb  iifoi)UDtf9nBiyii]QQQated^l)iiEmd)d^  ke  fe^nffiloi^ 

t^itij]xi|>elisaifticbii£b«qpfcii;  aliditlittrsKpEBtrisbilrkrflaeaam  Aa3t'>Hi 
equal  in  length.  .oifrtfnMqiii*>t  >o  ^  -.-.n:- 

gsHihisam^tlki^caldstmghtsaffick^  abciiJLaiiAfe  JtoidAis^lr^F^ 
pavefl^jiasdtblikii^iBdBJadB^^  sa^eaist  ^ojimanfy 

|lii^^ac4^<i^'i viiMMigatfooaB  .uq^biteiii  'jEipl«»pose  ^  feeniploy 
aiiiQti[ke9^aiMv«ohdt^(^iii£at^^  jiA^ma/tvkMf^'JiiBiiid^ 

9kitiiss^  4»riii]^^(ifignMf{|)£)fiekact^o8Saihati>i|^^       ^viiedi 

Shj^tfaiiHtlBeiss&paMoibnfijf^  bfa»l<foypfeibmtfaB  pft^'feutiy 

i|bilMH»BbetW|^flWtbBife^^  t«»ril)din^0iiiiaffiOD!iGihf 

tibebflani^r«AndU>idni|KimtBiite^  bi 

e^fikiB  xpBd&&i$y  Muser  t|icsiraNhlib^vmiBdiafia|nnddimi^ilj^ 
toifii(jad^  ^^OMJBiiflAm^hei^tiiit^im^ 
Ungini4ii[ry/tellW>^tBaltsii  ito  jllmmr*  ite 

^dnA^ofigiiiBnjtKwihfaBf^  L^UMifter 

iBavirrMlt&Ar-^n^JEiiowlttfliQ^clfes^  tiie|(lh«lpnidndl 

M  tli^iiistatlcoiftbiVL  Ifaejfoia^ftiSjsnUqp^siiovatbi  i^  ftebtiev«fi 
gmv»^^^<  ffiiA)tk6iAialiKEUEtt(^k^ 

^jintfaibf  i06Qi^tdn^^iil  aieenetltttrfiquadtiLtjf^MiMDDanf  tl^)i|[ 
fD&i^^^ytatB<jpo^^  |ini^(nmstckaTetit0 

centre  of  oscillation  to  remain  at  a  constant  distance^  eisa^'^Si^ 
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hlionlai^l(grwiAJr[^ri*hfri«n#fc(iftvftj5i^ 

tl»6tetoeidhy6a£rlhftlortg*)t^ii&a^t|#r*h^fi%  m^^?^ 
ogfi(^oi^tost»leli^m4pa$>l9d»tb«  WPmit^emi  ^9fe^ 

BSki'd  mefitd  ieihi^^Jk^xl&jQi-i^Q)n¥m^i9i^US 
•BiJibedianietpiflriodi  HA  f9Ji!&fr$tth^t\^4^^Wm^i^ 
odF  cPBcflbtieiita6d^mtlt3^^em»iil)0jt  4^|€;^i§if^^|^}^44?fi@q4 
the  point  ofaauq^qoaidB^ftj^^^ttia^ttbe  $9si9§Q^%t^pp^^^ 
te^BttbiikgftifiShekaoti?^  Ilbia  iiaod^ff^fi  fj^^^^ftjjwyjj^e 
temedTfc(^:«n5riidig»dd  irfl^^t9^S)ttl4);^fPft!W^fl%'fl?py 
»cfildfeiiN«ipediflntu )  ^Dfjeitib^inghwt^W?  Wiffip^^yrt^i  19 

9ttB^f<far«iKbiQhr^he  k8tjrji»«»ti^i«rijl;bfl)n^ffpt^^k^ 
awnrifeiiiifehririitlttigeifitrfv  te^m^Bitm^^jh^dJ^^ 

^ix^tb  be  sUi^3tod^£«?fni»«4dn)pdt:»iqg^^^  ?H4tW^ 

,atB*e^(]be  •pprwiatad^  levtel  1^  AtonrigS^  ¥f»i&cat{pjjLfi 
^lAraapedJi//    l)iui.'|/f)   joa  (jh  ^.ij;j',in   .jrrrryftif)  orfj  ^JurlJ    ajiv 
HHlThe  fflcoiriJpo»fe  )iayjto^^»yA4«j,tJi^  ift^gfispj^f  ^ftftfg^yfgg 
-aocralAlelyjtltafvfliiiiaimf  ill  J^gths-pfij^p^fti  jrf%ff^4nfiffixj?]aft- 
fnrtmtiiefate^iJl«j&»<l#(Wt^..,,oorq  oie  nohiiiiBv  Dfjarfq 
ba./HikitnkyiirrdopelihyHidQillWit^^^ 

-gTa40ated>hdadiEodfTietaj»jr,^)bfla(^  ^he^lSSWafly 

the  bar  of  experia^wilHC^i^^fiAi.Wiliiq^;?^ 

JtbeniiiiJMjedmwalArte.W(jofiitW^^  j^  its 

,ft»ft^eiuifgafaisfe^il»?'8«|»w  i^Mj  .Tbw  )Sfl|e;«y;,ti^ 
^irdrv/dWiqua>thfMydJBO  thfitrif^wiU  tfe^fiJirfigflfj^^^fggHift^ 

^totatioii  cB  lhia«di»wu  Um>tepiMipftpfiJi^W^<t^r»^^i?t5i(^^^^ 
Uw»oliiiWajMhlefepotote,MJ!*jf^^^  H-rfiq  iau 

a  /Hie  roMSoii  <rfthei«i»»i^  j»aj»bftim^aj|ft|»4  %  ^^i^^ 
iH)fr<i^dieBL¥?wrfcJak«^hftte«6iitelW§l^       tCffti^WSi  i?l4f*fllSo 
^m6tDe  iaatciiva6ie^£ng»ie0«^i(mtiG^r^  n^^^^l^ja  f)s^5g9) 
ai»wintedijOttri(hel3fai«ijrf3tW  |jf!*fW[(jn^tB?ffl^W^tf^ 
p,ai^iiafagiii8foljrer«[(giff4imliftA  .^eWIH^y^ftt^rft^ 

ioifettitdJlitMiclBlo  4iiBt^rtM»5[^96^tf»^tei<^  fp.Ammm^ll 

n¥¥i*^¥3^.tf  Mr^fcBtjbBifefdite  9Sfefjrxipi^^Ti^a^^^ 
idi^tsirf^te  ^riB^oji(«>f,ti»l  ^tftenpftisj^t^wj^  d^^^m|£e 
j^iilftriliiBBsaAthetereiw^wibi^Smwfi^  j^CH^^4g^.4oi|^^e 
t(p«jpo«bmai»ed,yMBd.iOft)lbf  i^i^m^  ^|^Jtl^,|B^^p  ,ftfr(Sffl«li 
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&^/nsf.  ^fie^ft^kdit^  %i^Ui^iQt^  e^.^xmkBts^Efnoi  WsS^ 

^^T^ffii^thH^itettifetfef  ri^tkisi^  i«fth^  satoeMsterunpditfiaail^Md 

^'^H#^  ^^»t^3i^  tt}'0at»6  tflscf  iKnnt  ^sfith^y^n^ 

lieH^^cSiM^hy^mimmi>0i  adgifaddatedt  pkke 

—I  J  ^       -ii^ttit^  smif^'^lh'^  vteniei^fattachd^iinaioMm 

lS'tU6j$^»^  k>t3l«l6Mii%5  J^^iM^ii^i  be  ao^^anf4>f  ovhfaflslike 

viz.  that  the  different  metals  do  not  expand  witl>ttf»|ifeqt 
M»^Mg{fy/%s»«B^  ^I^ft^a<|solneredsec}qlhto»i».  ailllhis 
'SM^uMnt^ti^^i^^^ul^dltetf^K  ^ymidililiG^kditi^IofAtimoB- 

ph^ric  variation  are  proposed '€^>4i>»»bsuted^^tthi9<ibbjecti 
y0iSheW,Wi^  tI^m^sai^6f^ffi^ak>fosttiilil|obm^g^ 

^a"i^^fp(m&%>T^'hs^^  wkb'<settlfesr>'.ofti«iula4  paartib, 

MgKi6§  4l^B^th4«ildttl^  ttirtf^irigisit  oSv&yl  *<mq  -  Who^  ias 

Mj^^d:]^  Wake^^t^^rj^^^^f^UiMei^nsailhemaliclii  drawings, 

_  Lfif^%i^^tiie^^^)^^k^di^teii^^^I4^atiV  smaiber (dl  a»v!Hi0BS  of 

equal  parts  laid  ^^f^mie  t^mp^tai^uJ^^'did^s'^fiiam'  tfaat  laid 

^1&!F%£8nf  m  ^^H^mMeit  «it^)att<($tb6r^iiilt  ioBk»«9)  4Jidt  in 

^4c8W*ttel^  taytlifl^^th^trikrigldali^sJafl  tex^ 

'^Wifitmil  ^^^&M^'  «4iOd>il^ii€m»ime^  landiiiioAf  jcitmi 

'  ^x^kMAiiml^mmiti^%lmm^  ^/^c^taiswd)iihroQgb< Jvarioits 

'  [%^^:^&'^MWei$.^{^§'^%^l«^fl^]^ 

^gHIHEiiUI&ffis^  m^l§i^%m€»Q,ketn:^kf^aiA  of  bmidfedii&od 

ifWSiati^f  %  ^^ffi}fl^)f»  ^fi»^qebdb«(^week£}twe  )H)i|vti^^t 

Tero^f'^t^^^^l^i^i^iyddtee  sdkb't<dsk)at&)eiMItf,T)^4^^^ 

JAi  qEf^^icife  ^$P«t^  ffibtgi^sbaHy^ibeeaBinfboi^acpf 
n(^^\Sf^^^^a3Liiim^m^^mh]fiie  seOuvlbdA^nhfn 
'eMii^gi^'^^»^^iJH  Wi4itip^»tmicfof JtbD  voeibovteMdn 
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city,  to  a  situation  rejqqL|[;i,^  and  nearly  the 

same  result  obtained 
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I  o,>%.  IRIS  vanauon  w:aj  ifsp  pn^in  ,in,  ;>!  (^v^m  pej,^^  lop^ 
theniaometet  incU(i£^tea  it  t61>aYe')jVerijaV99tfi^r  jopm^,,,,  g 
vaiiation  during  the,'winfei:  liaboths^^  i^,  wiji^ljptivjj^^^^ j| 
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variatiofil^  ^gt^tt^  Vi%te«iHtta^  mmii 

the  variatiefl-mttst  have  boon  fflefttest »  Jriy.     To  attempt 
satisfactoili^;tope35nfaj«i?ttercto  (^urnal  variation, 

with  the  pre^&EliaiSSSimi&ed^o^  ob^ivati(R{d,  seems  almost 

discovered 
,  however, 
ibject  was 
L  Academy 
Qglish  phi- 
n  the  same 

de  by  Van 

following 

ich  month 


Ufoy.  in  18)7.8.9. 

.'    5'    3" 

6  3 
,    8  22 

11  48 
:   9  53 

11  15 
:  10  43 

11  26 

:    9  44 

8  46 

7  10 
.  4    7 

use  of  the 
the  foUow- 
nagnet  de- 
while  it  is 
irts  of  the 
side  of  the 
the  needle, 
ter  by  the 
needle  will 
rease:  but 


^u,  or-,iiie  aubuiuie  va.ria.uuu  wiii  ueurease.      jl  m^ /ejtmaUa- 

a  seeAis  w  Kbm'dtumfM^iiifM^^i^m&mtmM^^i 

"Hhh  ne^ai^Us  eihihitfed'at  London;  tii't'iri^'ig<i>t''61)Vi6u8'KH^ 
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276  Mr.  Loomis's  observations  on  the 

^"^'.t'lij  HtcJ  ifi  offfBB 'jfll  ino<lf»  o-m  ,noitnrnI'>')h  mfffiii/fiin  but; 

:<kb[ii;^.8iid^M)|||it£98ilitke  jBorlHibinngl^digHrrinodt  h^adedpilikKir 

wiw^rcmifadbi  tflllie9pe6littli»tn4>bBif;kesftest[}dfld9Biltiiim 
l)Bh(ndd)ti^o4>  pkb€riwUMjjlhte  ai^^ifinJ^|UHlIpld 
Mtholse  ^diiits^fkts^neimm  appnoEMtfalBsateiifaeifHyb  9Duth^{^u$>ii&fal8 
!t6!tlie:W6^  oR&ihelikiagndtiBiteQiiidiand/sffiviQBi)  isn^braeitailhe 
/efts^  lfecQiR0iiclab(iy'a3iQi4>hfaB^st8terUdnriatik^ 
r  cn^easB^aaid jiKia|)|)e&r!  leaiHire^iasi'itbelBiiil  ^iiis8eeqthe3»4|j;Mtic 
fBiteidiiBni^[bfeoBlus8  4hen)tfaB5BfieeiBiim/etoGhn8i^  idt- 

u(fidiiiO't«p:©itqiiri  tofflach<Tdtl»ettJi'K''j'jG  oh  Lluorl^j  ji  ef?  ^noon 
n  .J  ^fijohdtmSv^eiHDdi  ^Ue  ikcmtbtrsBtarn'^^aktsPiivd}^^ 
I  greater  pomeb  M  tUewlali  is^  Ifidsbin^oi^eaddQNfl  xih  Bl^r 
bmetmn^and  tiii^rsimthiciiidfof  Uie>m90dld  wflt  di^]«te4lio^a«iist- 

ing  in  its  deviation  tilli^h^iisinS  l»^oi^Mt9oSiiffii(magtet(4) 
^^  nirfaiW>hlq}i^B8:i)«t9^eiifi)nb'^^ 

\vdA  iti8  bffibotmllrd)e<^r^t»r  tfaMritbao^^ 
oiiiQtl^B^cias|n»cjil!¥^lk0n£li^eiitfae  i^)h»i^^Uter.iiHllt<li(is, 
ii'jusd)  BibiBBdBqulsnttsj)  SBnMr^fOitQitBermotfb&iKl-^Swibisltff 
i^'theiw^Bl.^rii'deiqattian  bo^bttoiiiittHntehitilktlie  ^ibvBb^nfts 

d(then)t}l»^tKbniiii6B\^£Mrtfttflt8Miglif>th%(|aiedt«ft^ 
oibcbtfidf  i)Qtfa>t]Q  tfae:tobii|^  »bid  ti9oth«^ifidatb7^6l«dciai(Qfl^fto 
.uteBd<aioyiim  exthdr  eddbtar  indKnt^fn^m^^dwrtai^idillE.     b^lBia 
I  ooNdw|hejpficed9fi^;tifi9ary  if»7ifa»;d«dbUfiir>tto9^ri|[tna^ 
lithe  rnee^le  at|L6n4eiiyi ti^e96f Jdi€Pd^il»t«ioii riB  e3»oi^ 
r  i>atiitib)ea-iikot  agsdexatfiM^^itli  iis^Qbs0rt«ti0ii^<^lbiiti^«e. 
.  ^j  Tkos,  jabcOTdi(iig4)0^i8ilfae(ji^  4h^  ifi(»mUgt)idblh&tMP«hrald 
.  /deem)  iirli4n(tlle;8Baids  iikith^  &>Bv#y^a^<)){'B  lepJdfiebtkis 

;  aft^the  mqraiBgtktiiiiinani/^dittrdit^ 
•:    liiuieediboth  ofritbesi^litbebmfi  %b€A  Wi^^l^tii'buitedKto 
'<He'latkiidb^p£vIjpiidofiv<^^tt»>It0  <mx9i$i\i9]t>|i1br.^K)m^^ 
j '  isitfaer  Itheorj^j^the  imii3^%\^\Mei0mis^  i€»^^i»*^ilidiL  M^n 
i(tbe(<]t»rtmD^  lih^ '«aiiU^Hboth^toftlM^vea^^A(t4^ 
{iiiGlicidebidiafipa]aeE)€i]aiUip)fl3a[<^  ^tfJ^i^^b^uAie 

,jtiiiid^ioni8(iim.isfi»r;cidi8^>dim^si^  t^ifilw^fdc^ltpfiil^Md^, 
ddfaa(lciJmboatrtwd9«do'd«]fiDl^at^it&fiPf^^  i)fi«tqtli4t  ^6^- 
i^'ldoiis  8ibo^t>Udi>lb0<H4edfei^d«»^to;i4t«(l^  b^Mftn 

lotCTioattdf  fiet«rt8O^<sA7r>|ibwliPig3«a0u|8titeusi^8ttet»^^ 
o^Mhdioi^eitklraighdatriEiOiUimJtheE^ 
angle  with  the  astronoiilli^QtibidJ]^^^^  d^Mes 

greater  than  at  New  Haven.     The  times  both  of  minimum 
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variation  of  the  magnetic  needle.  277 

and  maximum  declination^  are  about  the  same  at  both  places; 
'SoillfaBb  A»(fiBff8ad)tir€^aibadt9G[t^iffii^^i)^  too^tsfte  tMit 

')ikBi^§Binndif^aiia^kiiB&  sindBpeaiAeBii  Mi  thesfiiim^pasUionrwilh 
inAr^beteftd  tfaerrmflgilibtgnniilrBdkEq.  d^lis,AigUyfjdesili»Me 
9fba^iihfldd  UftilfirvatbmKshfbtilflrte^beiiealaiii^ 

bdi^ibaBncmUdteddibtheddsscl^sli^nififitheoqeedhi^  afcijiondon, 
£fm<itJ9dIlliiK)ffiifo|'llBifteiB3ep^  aiibuli^Uirtwtrrfq  dojy^bib;*  dnd 
BldJ^QU^I^itjift  ddffirisiUotogdiJtaaiqqe  ttometlJrKthe^^^tiiiuafirf^  the 
ditliiikiBanbuai  Ih^/rasXtimiimt^^siilli  i^  ripquld  mtiHa..  that/  a>  diffifr- 
'^boftofi^DO  kouteitdaldiilotfail^  It  sAuiely 

oif  m^iiee9ri:|)e98iUp  iiodetletrizan^  wlius^h^ 
-ite  ]>wtei^adtiQnifafl^cfin.tv0li^^4ti^^  aftm*- 

noon^  as  it  should  do  accordincittoeBkfaet  ief';tke»fpreeediikg 
dtfaeovieSf^iSbintttifaqennatkiimiikiB)^  ^^toA  iBaoiie^aariit^  ten 
liob^s  rih  iik9bl»abei|dl833j  ^odiibit  lr«Biilt$  diffevent;  ig^cto  m^y 
-JKm^ibolli  >^vM)  tb^  tUa^aild  iwdxMiDiTnf h&^  irnKKimji  and 

gpJniwin&jHTltiift  {MttsiUelkat/.th^se.tdsaksiniightfbeiaa^Kiified 
{Jby)4d^i!jr!»tifih*^C9!i*mw«dforaatyt^      t  .uort*.'v-K  <,u  '!^-,y 
,  a<  >oEb^ltt9Qidireiiyyihdt 'tiievm^gns     needki  wfeiflg«(l|ddd  idntkig 
-^h^^]^6m)ee^(anTMiaroraijhi»^iisim%'^€fni'm(^         War- 
,^)»itfw.i'«tHt^t»ta}itfattt  ontbe  26tkio^(]F^hiru»y^  1750^  the 

<^^\S&i^vs(L&\^Yi6t\iRi&^iivmM^  aoi  Jliprib2i]d,tit  shafted 
d^DQSi^A  Ukfetianoenbaekwerd'teui  fi^^sard^  bebraif^>4^'^5&  amd 

oJi^&lfl^;)biiteillt^c(tDevefri$eea  Hike  r^ect ^^b  ^eib^  43^^  here 
stated.  .Tiiiftd«»tiikrbaii]imt(rfiiflm(Meldto  i^  mtrom^isaJot 
\(%xm^iQtQ9iAoiA\yh(h\k^fMat  iitvaii^el  -Dqi^dg  ihi;  con- 
^. tfotiMoio^ocCj  ^]r(>ittmgt)^@lW>(Cib6esy)atiQii0>ii^  Ipead  pavtieiAar 
'«ttfc|i|tcbijto^h6iawroni(pa«fd  tb^ei^^iHistapGetwken'^eiEiavara 
*  .)«a9[«oMidcmbteiAtibft<e(WaiSilk|^a^^^  die,Beddle^ 

hiiftadt^ahbodl  al^ai^A^^^^ieciic^  Mitte^amouBttof  Mif  twenty, 
>i»,tjbfa*yimiobto,  «nddto  lAV|»liiidttocos»f  11^ 

On  tbftiothisJwijd^when^Yiisi^J^einDmdle  h^aieixp^ 
oHl^Ujgial^^tidb^l  hm%  4ii»iferiiily^^sebntreaiQnJt6aiEtcE9)e  it 
j«»^nliwir«».'r(3T>eiwe:Qrii^  iadeedliiaisiaiffltialw^s  bBeanFisible; 
:i^  ^b^€(i^«i«9Re«»l  fqjiea«fif^tebyiit>*b«idd.ri6tvbe.Ml  It  might 
-tpimU(rffot*l^dk»J)ikBiie>,^ii*noitf{ir^ 

eiAw»RglBi<»»Bfbft  ii^rii^^lptadyjrfg^t^iTflwiiritiiKibld^beaittudy 
,ntfit>0t^cJl3^€r|8W»r^  lfeite^|BrfihasitotitM3ftHrrfid>anfin3fe^^ 
.^i«sw|9  tb^pi^Md  e«^bl^(^d7i^tJbitsiB/ol»ei!V8ti<Hi0;[jwbeik  ithe 

:f  Jb^ingti  ^ibte)^ui^siiij0bfteiyq*iprt»/ w*e)l^ 
qAliA<{»¥l9ea;lilhQ¥^i9m^»^i'>iiliwW  alLitkdse 


*  i  H   N 


.ni-.iunia-.    I.    flu,-!    ^-'--J    .■   f  .,\{^'^/    d;  .ij-ri?  r'jfn'M)^ 
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although  not  quite  so  much  so  as  usual.  Professor  O^xjdO^ 
ptii^rv^^ceoutl  B  pmd£  faot^M^B^,,  JA  jSi^afi&Ao^  hi^t- 
iidAsMil^'iiLejd^^iin8&hel3i(]Hh)hilh)uchCbtigUe(i»Ith^ 
common  aurara>^»d»«tiUnwkk)iBaotBa(lb]{tt/aB9l^^  .itUbc^ 
9'^9/pfc.«i  the  ij^ming,  it  was  pearly, ^^ bright  ^^it  had  been 
i%^  thf  evening^  j  TtR-n^d^e  \«jig  ipt  observejijl^jduifipg^ti^ 
ef^^i^  of  the  2]}d;  nor  aia  I  i^tic^4he  auroVa^yself;'  it  1 
hgl^^  I^hould  ha^  watched  the  Medl^  ^Vl^.'^f^^  time.  On 
tbfi  e]p;enipg  of  ^e  same  day^  f^  vi^y'Dri^^nt^  aurora  was 
sgf^  i^  England;  ^of  which  adesenptj^n  was^ve^  in  the  New 
JS^k  Observer  ^  December  ^,-183^.  It  is  de^ribed  as  an 
a^  (flight,  six(X)r  seven  degre^^  in^ire^t^i  extending  from 
%;  CEffiteifQ  ^  th(9  western  horiz^^^  n^sarly  th^u^  the  zenith. 
i^}^  ^8erv@[^  H^present  it  a$  ^nus^ally  8plend|^  See  also 
Lwd^vi's  Maga^e  for  1 835^  p.  ^4.  ^  ^  r 

^   iVotJ.5.— 6b.,P.M.,  Declin^ion^M2';  Th.^^'SO';  7h. 


ill  ,iAi>aiiiifa 
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vaAkii9n,sf^\tMB^fBifg9t€iia(neidM/. 


aw 


y%bttti««%)  iiic.fiie^piMi.{iiKlfh6rtiiey^e^.  ,.rlblel^^^ifd>x;lb^k 

ildd^.  p]?l^i^ettBaSy(0ll80t9BffQdb9^Onft^  nunnnoi 

1  II  itlfM'iif^mo'iur^  'jdtff')ij^^[   linn 'ion  ;IjgL' -i.it  lo  ^gurgg^ 
wa/I  ;>f{t  f'i|5f'>v^^--^  r^ii  og-   '*  u  u'-iiIy/  'iogixiHi;.!!.!  51  igg^i 


.l/:.M  ,.x{u-~   o/i'^A    ' 


y  liYiesterfdailtlwi  aiiJ  5rA«li^ery>l»iil;/iA[)lfeeif|v^Bipg  s^i^)^ 

dpiy,  wili&mi^iaU  lrfctez»i>i<At>a^^j^rt«^^a^^a^inttim[^Qpr 
ing,  a  faint  aurora  in  the  noi:t|y.  (At Jlfi^fcpMt  fiift^  |J,l3^^|ii^ 
jtibfi  y^  KriglW'.  4i^Jjttjr  rk*  j&i^MM9tb,l^xtp9(a^  8^t9rtt/30* 
jgKiniinn tfip jaiid Jfirnoirg^: -int  atfcit^e.  .  iJ^er^^.^pi^Jfc  04%^$, 
Brightest  point  a  little  west  t^^A^ifltfen  oA*tfiJQi^'j^lq4ki(li# 
^d«tfttd  of/th^  9;ii#^afisift>liAll^  i^t  qf  Kor4i.  r{  ]^IouQmr(0«e/%t  a 
ialuanY:  T|»j^ Jttyrftrftjwas  wei^  #iH|tnpYffT,  N-  rH> 
jCaSn.<^jQut.^y6r.  xtviii^iifeall7i80  a^4/)als<)  i^rfinglwsdj  wlMBre 
ii>fiirte3d8i^iiUedoaa>mosA  \kr]^9A%(i}4^optn  M^g^^^./or 

Dec.  22. — Needle  somewhat  irregular  during  the.ywl^id| 
^%  ptoCibalArlj^  i|i  fekei«M©BWtf^o  )6lh^,iJ?.  ?tf.,f{^eclii^^QU  5r 

«/ ;fu  7>hcy.'ft-9*^:s  Jij8Wiiin5£r§I^;  «  9fc.i>i§'(;?9}ir  10)i.,  5!  ^; 
,6a4wd^  ^idagf^f^  thei:ev»i»iftfti/iniror«.R^y  .Wgktrit^imiiigfc 
partial  openings  in  the  clouds,  a  few  degrees  E.  ofN..  Aproj^ 

eV4#.sftndiaan,Ek%todj«^LoB&)rtjl8«e,lJ.39lX  "  0  . .  vv 
A  (j©eciea.*:v-AhaiP;M.  Deditiatjicw^'"87:;ii61i.4  9rf8(¥,;  Jfc 

oniheiNi  EthouiAon,  ^)6idV;l*w;l5i»]?f$Jiytibfigfo,Tift])fttft  Wl'ui^i 
jnxadlih,  ilsj)oaQit6tis[ft]bout(M!lJi9Stb).<;^  |^)^^li^..^.|^ic^iM44 
ffll^alllisllse^eb.  di   ^;-  na-i.^o   o/Ij    J^,i;i>  ot   .{j-iOii  nfoit  .iool-jo 
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up  a  little  iai^ay,^ i^f  IjJ^^f^iMipWII.  < . i  3,^hi8.  ifiWoifJn  wa#.  i«o^iif[b>> 
fr9Pi|b^fpB§^sj4Jtw^lve|^>rtifff^  Q^fiV^ck^  )jJt,^)pQW^v«ic)HttJfcto5 
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17th,  and  early  in  the  morning  of  the  18th,  and  sd-  Hikc^h'^feit^ 
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282  »rol^ BhSe^'tnot^vn  ^beniistry) 

proportioned  to  the  vividness  and  extent  of  the  aurora«{)'>1Fhi4> 

^ebi;&t«<Mghtoed09imd4ofu^1[Aiwiti^  /Vhk 

ia-ii^aeJrtioh^hi^tigtep^feiiAioi'e :i<miidei^U()ttl  ^i'^;^^^    i  r  ^^ 

Au^otfift  i>kchmckmk  JEtld;^tbi:ba»oe<iof(<fti^  <  i^§dle/>it  4^asb^ 

when  the  beams  are  themselx^i>in  kctitie^i»i0t(<iim^^^  {  >  ^  '  J  <  h> 

cause  ar  ddlei^agit^tioiiof  the  tt€tt¥)l«y I^UidvikS^tiMks^^i^^^ 
ih*^^8tr  bs^ill^imi/^  SdmetixiQieip  to  i  th«  i  ^oiuii '  ^  d^a%i'Br 
d6gt^,^^n^€)a^h  M(jb(tf  itsjn^&pioftitiom'  ■  >Whff»  tiwrnmi^ 
c^&G^y  the^tiei^e-Mm  r^tnflrnsto-tis  foniijei^  ilifteiH  i>  r/Io^^^il) 
'An  a^|iarttl'^7^i^hii»^lit(;le,  if;  any^  iinfl«Made{O«ivth0ib»gLl 

^  Dbteg  snoW'istdrm^  luad  idumderistovihs,  I  ttaiyfe  leofmmmlTi 
observed  considerable  agiUUic^  ^""the  Ifeedl^/  UUe^Ithat 
iMttIng  &6di'fci  a^ikiti^'^t^  M^hole^bttildiit^f^  bi^^reutt^ier 
«^n')aiifVste/ft^^'^<^th^/needI^  I^o^ii«itiib^h«jlibMf^iv«ii^ 
c^ii'^'^t^^ik^fa^^td  ihis  lobs^^mtibioiiy  fevi it^  jiytittb imesnli 
liW^rnitiyoti'  firr^th^^^&eMte  -to  ish«kev:w9tfadai>^Qryl3JitfQb(^ 
^btion. ^ev^^hefi il^ta^is ^aj^tbtion bf  >thb  buildisg;'«¥Kl 
i(^j|^^r<!f<^t^'^#a(t^       th6idMtat4g«ni0el;>'i-^(iil  ^d]  nunl  MgU\ 

7i!'!>l!ijKll>^!)ti!'flB  DxlJ   ^^Oil^ 

^^^  Point  '-'^■■*»'  *>i<ii.K^]//  fi  »i'ir()^  .xLivi)  >liiiiD  ^Dn^ib.  ij  ;• 

^{'ii^^eldits 

diieii^^^b^jri^aQ 

^^ate>i^ltt 
Eabl4^  i^i^gifilis^ 

tt^Mh^^jbia2i« 
^gMh^4i»^jAlir 
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as  a  Te'9LgQnti^)n^n^ma\^hi\x^^^ 

1^8^^  iJ»nf)fb§^4rby[(f9a«D^['ilfi^ld  fkA^oQ^vhydrp^Dpic 
acid, or  by  tli»iMft$wiwgjirfiji(iigdi^8[u onf  irr  -i]j>    s     i  J 

,'jf^LQ)it|^M^@jIi]^\^iing^e6^i»i^^\tie?^  ve^agmt  Sox  »Uric 
.aflkiioi%jfehef«3fia«f^Hydrari|i^        tocii^etpf/ potassium,  dispQ^ 

Q£[in«BPWr{^  mA  UdlAdioii^G^i^i:^^  of  £«acl)> 

dissolved  iui^t»«ll^|Niintitws  of  wfflrm  iWiAwr.  It;  «)c«  «?y^trfr 
ligeifiix) A  ivijcy  ifswrfiftil  mmner.  Thi*  in  tib^^^  ftatj^  ,9^t;  wliich 
has  recently  been  recommended  as  a  means  of  d^t^oting  tba 
Ipff»fin«i9€Qf  J3^^QhIo«io«aQid  io;  liydracym^:^^!^*  v(^e^;  JU)n. 
3BdjEdia  Phil- Mag.,  Not.  Ism       .      .  .    ;    .r 

ioitoii«(^ifiiij»/tieiatjfQr'Piitri0  adid  ^epf^^ii^K^r^  thpi  f<i^tj  tb,ai^i 
jfijpf^wrf  ItbM  se^-Jiki^  oirystais  ^be.  in  Wwwtc^  i«t0\  mo§l,  ^.o^ 
ktiksmedifitf ly  heooma$  q£«<  he^Q^tifol  r^i^,  bei^|(?k^l\gejl  io^ 
tihM^Mfi^d^rO^  meii^istiry ;  "while  in  cmQmtmte^'  ^i^ip  i  if^cddj 
Oiprq^grbJ^ij  J-^itotJ-(S)  the  aqafe^ftatofttly  jb^ofw^s  .aIw)9?A 
black,  from  the  liberatijwa.  ctf  iodato^  »  A/fi€»k^  tj^'^^^t^Mi:^ 
duced  into  a  drop  of  the  acid  no  larger  than  a  pin's  liead  will 
show  the  eflfeet  mstioctly. 


ij^^ci^  i]|,wjnch  I  b*ve  found  ^thfs  fjfi^lt  to  feddefi^Bf^^ 
m9<^W}<^K  hy&gJiuorJic,  cJhyQaiift  ghospHoric, 
uted)  ana  common  vegetaDle  acids,  such  as  oxalic^ 
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u  B  jv>jo0'ij-noc)  oaffi   I 


(Copy  6F'al6ttferfw>WiMKifi^«^miti^i  to  batardi 


constructed  'fofJ^hai  (Bkbtro-Mafe|afi^ajMw.>s4le%(lV»J?^*% 
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in  electrO'tnagnettc  machinery.  285 


^^Mfey4me8=p«Mniftttte.  MMmi^jwAgix%\^  I  think  may  be  us^d 

experiments  r  gerfewaiy  make^s^  of  io^mhm.  '  •  - 

I  also  constructed  a  machine  Witfi  SiimJ^ljjr  t^o  magnets 
formed  of  t^xhii^^a«^i)d4rpft)ftpC4ftpWfW  length,  of 

the  stirrup  form.     The  distance  between  the  centres  of  the 
poles  is  five  incheS^^J^d^id"  Old 'tti^^ei  i^evolves  four  hundred 


^Wm',  td[<!hc«8lisfti^^^e4bup(^WBitdsi6ii  ialdi^metfeiv^u  •  lo. 
fully  attarh^S^t'o?&g^&         mifc^WMf^' 
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the  siie  ofiheiftowIUsw^ftattdv  («)^^«ufefttlstii't^ 
att€adingk»^^^isiwa^a|wl^y^be'fevmcl€i^i  ^  'i^-.  ^,n  jjriT 
I  fiBdiiOfdifficbltyfaiJu»i%  iiiy'  mAckirieii^(^/r^i'AdWi''ftS 

I  am  eareotkig  ccmt^nvgttc^  to^t€Jd(^  fh6'{k>^rdi  of 'i^ 
magnet  as  they  are  inoraiised  m  'M^ght-anti  si^^atki  thtufe  ^ 
sbi^  be  able  in  season  ^r  tbe  April'  ntunber  ^  lydetr  Jd6r^ut 
to  give  Uw  exact  inoFease  of  power  in^pro^li(ki'to»wcightfof 
magnets  wrighing^dm  ten  pounde  to  several  t^wte!'  .  .    •rij>,fj 

I  have  also  mads  some  twy  8atisfect>tH-y  ti*Bi^  while>to«ktWg^ 
my  m^hineS;  inspecting  the  e^tpen^e'for  ti$e  cf^^uniptioh^'^ 
£ino  wad  aeids,  and  I  think  I  shall  soci^>  be  ^ble  lo'give  tMrJy 
the  pTecide  eoet of  makingutbe  fo^gedt  maiebinety.    ^      '-  '^h'^ 

Oalvanum  i%  I  trust,  dpstm^  to  pi>odttee  'the^  g^cldil^M 
sesiiUs  ki  thei  most  simple  fo^m^  and  i'  h^  i^tto^b^ 'toftl 
siderod  an  enthusiasts^  «rben  I  vewlure  to  predict;  thki^pi^^ 
esgines  ci^bleiof^^iK^pelling  ihe  largest nM^hiKety' ^111^4^ 
prodiioed  %  the 'simple  laet^oi^  Gi^M»  gahanid^mdgnft^^']ii^ 
iraad£edtv^ithtniH^l^expen66tiba(n'6teaE^   -    '  '^    '''    -  ^ 

-.:  ^   -=:  i  .:!''   /  •■   '  ■TH0MASJ|!>AVI5]!fPOfeFi 

M«(?'  Korit,     _  ',"'./'   r"  i  ^i  u  "-('■'  V:     J  A 

December  26, 1837,  ;  SUlmm'^Jfqitrj^ ,  t 

XLVIII.    Rotafy   MutHpHer,  t9  mMi& '(SMttafi^^^^^ 

Figures  65  end  $6  represent  two  new  pie()*ei§  bf'^k^^ 
appnsvtus,  completed'  in  tAie  beginning  of  'Sept%ih^  \^W. 
Fig  63J  represents  a  rotary  or  astatic  galrataioii^^r';  WifO^^^ 
single  neeM^e;  .  fTi^is'the  multip)i^^edtlip66^1ef<^iii|^^^^ 
turns  of  inndale4  wii^.     At  o,  an ><)^dn  MD(^ilii^^p6is/!§is  0Kt^H 
tim^cenlire  of  thertriristiftV  t^^f^tvi^ntWAy^tt^tili^^d^^ 
supporting  the  barvmagalJtt«»*.f' -Tli^iiteMpli^a^Vyiiia^ib 
for  leveltttKto  ema^defldiiP'  «hftft>  6,  atid'  -bas^Jl*f*^  ^tiflsM  tf ^IB 
whiBSQKUddred«6tiiemii€9»lindi^i^^<mlMetM^^  WUi^ffid 

battei7Wire»pfl^pre6^wit^^tf)»ligt]ii^l^gi'  'l^^^fiM^fEM 
segments  are  not  correctly  represented  in  the  figure.  Their 
r«latkm  tQr  the.  battery.  wive6«houkl  bejsueh  'UsItttbe^^ficJctfon 
of  the  current  should  change  when  the  coil  of^wi^  te^  -ril^ 
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y^y  l^xgQ  and  FpoW(^ll&d^  a^  Xh^  mtgi^^ima^tidijig^tiM^  wire 
^QW^  tiit  .1^  J>(B  .brought  .m^^)btmlr^tjaeimagmt)tMn  isrjsepptl 

The  apparatus  wo|^)W(|imlck/Am^<liii«d<^l)gr^^]B^(<i(bU 
Wot^i^i;vl;)s^v)c»QgnQt..n!  ,|(iiiaUcme^^eHQe«V  1  Jbifithatdasc!  the 
Dftf^^^Bmnc^te^lJb^^^  their 

opposite  poles  when  not  in  use.  This  instrument^  though 
^lii^edting'i'ii#(m)t4i$|eQded  rm  ^  meftsurer  of  galv»nic  £otce. 
^u^  t}m i^»ci^  o£,maiai%  the  ooadtxoting  wired ithe  u^ea-* 
torsinrtead  9f  thejuiagwets,  af>p^rs^t6  he  o£  value>  for  ihaiiy 
rea3aB$«  /Tbef  ii^opfiuptiag  wires  may  be^oonsidered  as  perfecdy  . 
astatic^  and,.9^iidiiB0  con$t9aQ[t  ireifulta.  Itiis  difficult te  obtain^ 
a^!)»«<^  ^rei«0  tai»?efia^  The 

i^edto  ^  a  'galyaa<met0r  ia  ir^fa^i^  di^turbed^by . the  appcoa^ 
<j^f 9^ ferruginous  bod^>  Byii^ilbsititutiikg  for  ^the  (Ussected 
cylinder  at  apw^{^\Af»  pylpiiieryiiab^ivflfAndbekw^ti^ 
va^}^^^9^bec()9l(^t>a^lgalvaao«0^  of  conl^idfirabie  xdelic^y. 
l^, ,  prd^r . ,  toi  i^n^^tt  liBr  aattttie  j^i^mimeter  \  the  iK^hele 
f)ti^d.b^inj?0rt^^  iJie'.mapietl  subjiortcdr  fii6m  bddw,;  <fce 
^>|il^|p]ie^ % r9i  t(9^iQi> .ti^ad frppi a We^ {atid tile^xtremitqics 
^,t^e,  wke  t«arn^in«ii)[iall  oit^PCUryiOVip^rdnit^ieeiiiteyQf  tootibmf! 
Fig.  64,  represeate«fiewJfoi»»:  i^/.«Wtr^iel»^  iltii) ntaine 
purports  a  turi^n/orj-^^ager  of  the  electrical  current.  An 
i4g8^$0|:Qr|»pi9a|t|;m  by  Mr.  Clarke  of  London^ 

is  described  and  figured  in  the  &:st  number  jo£  Sturgeon's 
Annals ;  but  it  is  not  so  simple  in  construction^^  and  'the  .<5on- 
neetillg  i^i^s  Jti  Mis  thitchine  being  out  of  sight,  it  is  not  sb  easily 
understood  as  the  one  here  figured.  The  drawing  represents 
a  double  electrepeter,  or  one  to  be  used  with  two  separate 
batjtfirjie^,  a^4*J8^<>  or  iw^re  peaces  of  eUclfo-magn^c  ajm^-ratust 
Divide  the  machine  at  a,  and  (bring  up  the  vDodeu^  pUlar  n  to 
the  left  hand  division,  and  you  have  the  single  electrepeter, 
i^pipi^j^g(forrHi08jt  jwpQ»^9.  The  <aie  I  have  instructed, 
v^^^  mi^,  ff>^  .reversing-  the  moitdon  of  an  [^lectro-^ma^neitie 
f^gp$x%  apdh(aa(6HUc  parts,  a  e  iii  a  flyUnderofmahbganj^ 
ibr^niw^^si(rfiao<i»oh  difwap^  mot^mted  for  semiMrotiltiwi 
^^I^Qfin  .tji^rjw^ePifiUaKu  b  b  b  6  ve^^tsem^  stripsTof 
fj^^  ,p(as^a#^  ,^p^tQWtQwdy^  thial  cj^indar^^aaid 

f^i^^^^d  t0ri(>,v%^i^jrf,tW  J^amje  mf^]^  n^^  4/' 6'  repr«|cpafe 
5^ptfig^}?«  s^^^lsihf^,  .(cogp0p  wflLanfew^ribui  notisu'well) 
Qqi|i^^  B[^f#UicfJBy'4Jitx)|i(gh\yfc^dwtrfti€»f  ib^cyl^ 
^iW^BW^iW  P*^^  [dwpc*l^j^pf)esite  J/ j?s^  M)  s^  a^e-atiff  i^ingd 

,-;^t /jnifl.wi^es  Mre^sfaouMi  beio0fsiher^/ e^Kiae^t  thet  lifib  IbHi^ 
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of  ocfpfer,  wkk  mkfm  tipt  at  $  wtwinf  iirwily  n^mt  At  <HKb 
on  Iha  oyliiidi»r>  and  qoomcIm  wUk  tM  VMWwrjr  c«pa  Mow. 
The  Wk  tkU  of  Um  iimtrewiwt  «u^ly  ^^rrMpoftdi  to  tii*i 
e;d:abiU»d  m  tbs  dt^^wmg.  Tk^moAm^f^vtndx  i*  adM  at  m 
glance,  llie  Iwo  tpragi  f  n  ait  conaeoled  by  the  «#rair]r 
oupB  with  the  i>oIe8  of  a  oatterj.  Th^  cogre(yoiiAiny  ^MriMa 
of  the  other  bide»  with  the  wirea  of  an  ekctro^magpet  &f 
instance.  By  turning  the  cylindw  half  xomMd,  it  ia  obTioM 
the  battery  current  is  crossed^  and  the  polaa  of  tha  nafrnt 
reversed. 

New  form  qfinterruptor  or  electroiome.^^An  it  ia  detirable 
that  every  distinct  form  of  apparatus  of  ffeneral  uae  shodld 
have  an  appropriate  name,  I  have  selected  the  tef  m  ekctrotome 
(divider  of  the  electrical  current)  as  applicable  to  the  atv««l 
varieties  of  apparatus  figured  and  described  in  the  Jyij  Bam* 
ber  (1837)  of  your  Journal.  It  is  hardjy  neces«ary  topeauae, 
that  secondary  currents  of  great  intensity,  are  obtainaa  iiom  a 
single  pair  of  plates  in  connexion  with  thedynamiamnltijdiwrs 
when  the  primitive  current  is  divided  in  any  part  of  ita 
course.  The  force  of  the  secondary  current  eo  obtaioed, 
depends  materially  upon  the  mode  of  mreaking  the  oireail  of 
the  primitive.  The  shocks  and  decompoaitiona  I  have  foand 
to  be  greatest  when  the  primitive  circuit  is  broken  by  raising 
clean  pencils  of  lead,  zinc,  or  copper,  from  the  mr&oe  of  mer- 
cury  covered  with  water.  The  sparks  ar^  beat  exhibitadoifer 
clean  mercury  with  lead.  The  mechanical  eladioioiiie  I 
have  contrived  with  a  view  to  combine  the  above  advaAtagaa, 
at  the  same  time  that  it  is  a  useful  instmm^it,  aflbf4aa  raoii 
brilliant  exhibition  of  galvanic  power.  Tike  i¥HrfHrytffli  ii 
rapidly  broken  by  a  Icmg  series  of  leaden  ban,  raisadtenrfba 
surfiEtoe  of  mercury  in  succession  by  piiw  wnaigad  at  fVOMr 
distances  on  a  revolvii^  metallic  <urttm,  similttr  lo  iJbai  of  a 
barrel  organ  or  musical  box.  •  The  kad  baia,  or  wwm  ot 
large  size,  are  supported  in  a  wood  frame  by  pfnyiftif 
shoulders,  to  take  the  pins  of  the  drum  as  it  revolv^  Tlieir 
lower  ends  just  dip  into  the  mercury  of  a  lonff  narrov  edl  wkb 
glasa  sides.  The  drum  is  conBactad  with  the  battery  hgp  a 
strip  of  coj^r  pressing  firmly  against  ita  matallie  axis*  Tht 
mercury  in  the  cell  is  conneetaci  with  the  qpiral  by  a  wire. 
As  the  pina  come  round  in  anccaafcive  ordmr,  thayaatahlialiAa 
batt'^y  coAnaxioe,  and  agaim  break  it  by  raisinf  the  piaM  el 
laad>  and  ao  each  ooe  in  order.  RavolTed  by  a  m wMvii^; 
wbed  the  sSm^  is  excaedia^y  beaaliful,  while,  ia  the  dark^ 
ilbimiaated  by  ita  own  l^^  the  whole  ^^W^m  to  ba  al  rai^ 

Fig.  62,  pMe  YIII,  m  a  plan  fer  exhibilii^  the  polaiily 
and  curioua  motions  df  De  la  RiTe'a  ring,  floating  m  ikm  afar 
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try,  it  would  only  be  necessary  to  refer  to  the  date  of  Dr.  Hare's 
visit  to  England.  That  eminent  philosopher,  accompanied  by 
his  two  sons,  honoured  me  with  a  visit  at  my  then  residence 
at  Woolwich,  in  the  Summer  of  1836.  I  showed  them  seve- 
ral pieces  of  apparatus,  two  of  which  were  magnetic  electrical 
machines,  the  one  without  iron,  described  in  the  first  article 
of  this  volume;  the  oihexwith  an  iron  armature,  in  both  of 
which,  oil  tvas  used,  to  lubricate  the  springs  and  revolving 
discharging  piece,  fig.  6,  Plate  I.  Dr.  Henry,  also,  in  the  Sum- 
mer of  1837,  honoured  me  with  a  visit,  and  saw  the  same  ma- 
chines. Dr.  Page's  paper,  in  which  he  describes  his  first  use 
of  oil,  was  published  in  Silliman's  Journal,  for  October,  1837, 
which  did  not  arrive  in  London  till  nearly  Christmas. 


XLIX.    Physical^  Chemical,  and  Physiological  researches 
on  the  Torpedo.    By  M.  Charles  Matteucci.* 

*^  If  it  ever  be  discovered  that  the  electric  fluid  intervenes 
in  the  phenomena  of  life,  it  will  be  by  studying  the  singular 
properties  that  certain  fish  possess  of  giving,  when  touched 
by  the  hand,  a  shock  similar  to  that  of  the  Leyden  jar. 
These  very  profound  words  of  one  of  the  greatest  phi- 
'  losophers  of  our  time,  served  only  to  confirm  an  opinion  that 
I  had  already  started  in  my  first  memoir  on  the  torpedo,  read 
at  the  Institute,  July  11th,  1836.  Speaking  of  the  body  of 
the  torpedo  I  have  said  at  the  end  of  this  memoir,  we  shall 
very  probably  see  this,  even  yet  undetermined,  great  secret 
of  organic  life  make  its  appearance. 

♦  This  memoir  lately  read  by  the  author  at  ^'  T  Academic  des 
Sciences  de  Paris,"  and  the  priority  of  whose  publication  he  much 
wished  to  offer  us,  appeared  to  treat  the  subject  of  the  electricity 
of  the  terpedo  in  so  complete  a  manner  to  comprise  in  itself  such 
interesting  results,  that,  notwithstanding  its  length  we  did  not  hesi- 
tate to  insert  it  in  our  collection.  Although  it  would  be  difficult  for 
us,  in  a  work  comprising  so  vast  afield  of  sciences,  to  find  the  neces- 
sary space  to  publish  many  special  memoirs  ;  we  shall,  however, 
continue  to  make  an  exception  m  favor  of  electricity,  and  some  parts 
of  philosophy  and  chemistry  which  are  connected  with  it,  having 
seen  the  great  interest  actually  excited  by  this  branch  of  the  physi- 
cal sciences,  and  the  ffreat  number  of  original  works  relating 
thereto  that  are  frequently  addressed  to  us.  fA.  De  la  Rive  J. 

Communicated  by  the  Author.     Edit.  . 

+  Translated  by  Mr.  J.  H.  Lang. 
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Continually  harassed  by  these  thoughts,  and  supported  by 
the  hope  of  arriving  at  the  aim  of  my  researches,  I  spared 
nothing  to  obtain  success.  Two  months,  June  and  July  of  the 
present  year,  spent  on  the  shores  of  the  Adriatic  have  furnished 
me  with  1 16  living  torpedoes  of  different  sizes.  I  have  even 
gone  myself  in  small  boats  to  fish  for  them  and  thus  enabled 
myself  to  study  this  fish  in  all  its  vitality.  I  flatter  myself 
that  all  these  labours  have  not  been  lost  and  that  the  general 
physiology  and  history  of  this  fish  owe  some  new  light  to  my 
researches.  I  have  tried  to  study  these  animals  under  all 
circumstances ;  F  have  interrogated  the  fishermen  to  find  out 
their  motions ;  I  have  obtained  the  discharge  when  they  were 
scarcely  out  of  the  water ;  I  have  analysed  the  air  of  the 
water  in  which  I  have  made  them  live,  obliging  them  to  give 
strong  discharges ;  I  have  examined  the  action  of  heat,  of 
the  electric  current,  of  different  gaseous  substances,  poisons, 
&c.,  upon  them ;  all  of  which  have  formed  the  subjects  of  long 
researches. 

I  then  considered  that  it  was  necessary  to  place  the  materi- 
als of  this  work  in  a  certain  (wder.  But  above  all,  I  ought  to 
relate  in  a  few  words  the  history  of  the  discoveries  made  on 
the  torpedo,  so  as  to  determine  precisely  the  real  state  of  our 
information.  I  shall  not  make  it  as  extensive  as  might  be 
expected:  I  am  prevented  from  so  doing  by  the  want  of  a. 
complete  collection  of  all  the  journals  and  works  on  natural* ' 
history  which  I  should  require. 

Besides^  you  will  find  a  very  long  chapter  on  this  subject  in 
the  great  work  of  M.  Becquerel. 

CHAPTER  I. 

It  has  long  been  known  that  the  torpedo^  while  living,  gives 
shocks,  when  touched  by  the  hand,  on  the  back  and  belly  at 
the  same  time.  This  property  has  given  it  the  common  name 
of  tremble^  magic  fishy  8fc.  It  is  even  known  among  fisher- 
men, that  the  torpedo  gives  the  shock  voluntarily  in  its  own 
defence  and  to  kill  the  other  fish  on  which  it  is  nourished. 
They  even  indicate  the  great  force  of  this  shock  by  saying 
that  it  is  sufficient  to  kill  pollards,  which  are  the  most  hardy 
and  lively  salt-water  fish  in  our  regions.  We  are  indebted  to 
M.  M.  Humboldt  and  Gray-Lussac,  for  the  first  researches  on 
the  electric  nature  of  this  shock,  and  general  laws  of  the  dis- 
charge. The  Italians,  Redi  and  Lorenzini,  first  studied  this 
fish,  in  regard  to  its  anatomy,  and  above  all  the  position  of 
the  electric  organ.  This  work  has  been  followed  up  in  all 
the  electrical  fish  by  Hunter ;  and  Geoffrey  St.  Hilaire,  Gal- 
vani,  and  Spallanzini,  discovered  also  the  influence  of  the 
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nerves  of  the  brain  and  the  circulation  of  the  blood  on  the 
discharge  of  the  torpedo.  The  most  important  work  on  the 
torpedo  that  has  been  published  of  late  is  that  of  John  Davy, 
brother  to  the  celebrated  chemist.  It  is  to  him  we  are  in- 
debted for  the  discovery  of  the  action  of  the  current  of  the 
torpedo  on  the  magnetic  needle,  its  magnetizing  power,  and 
its  electro-chemical  action.*  Messrs.  Becquerel  and  Bres- 
chet  have  also  made  researches  on  the  torpedo  in  the  year 
1835.  It  is  to  the  first  of  these  two  philosophers  that  we  are 
indebted  for  the  very  exact  means  of  studying  this  current — 
it  was  he,  who  fixed  precisely  the  direction  of  the  exterior  cur- 
rent— as  to  the  second  of  these  philosophers,  we  are  impatiently 
awaiting  the  publication  of  his  anatomic  works.  Indeed,  last 
year,  I  proposed  applying  Faraday's  extra  current  apparatus  to 
the  current  of  the  torpedo  to  extract  a  spark  from  it.  I  informed 
M.  Linari,  of  Sienna,  of  this  apparatus,  with  the  modifications 
it  requires  for  the  end  in  question,  and  we  have  both  separately 
obtamed  the  spark,  in  the  discharge  of  the  torpedo.f  I  also 
discovered  and  published  at  the  same  time  several  phy- 
siological facts,  such  as  the  action  of  certain  poison,  the  dis- 
charges after  death,  the  action  of  the  last  lobe,  &c.  M.  CoUa- 
den  confirmed  my  researches  in  a  work  compiled  at  the  same 
time,  and  afterwards  suggested  some  ingenious  ideas  on  the 
production  of  this  electric  discharge.  M.  Linari  also  in  the 
month  of  August,  of  the  same  year,  obtained  a  spark  from 
the  torpedo  without  having  recourse  to  the  apparatus  I  pro- 
posed. 

CHAPTER  II. 

I  shall  briefly  describe  the  principal  apparati  I  employed  in 
my  last  researches  on  the  torpedo.  The  first  were  gal- 
vanometers constructed  like  the  model  devised  by  M.  CoUaden. 
I  had  one,  in  particular,  which  was  sensible  enough;  the 
copper  wire,  one  quarter  of  a  millimetre  thick,  had  a  double  coat 
of  silk,  and  was  also  covered  with  a  coat  of  gum-lac  varnish. 
The  wire  had  six  hundred  turns  round  the  astatic  needle.  At 
the  extremities  were  soldered  two  plates  of  platina.  Although 
the  wire  was  well  insulated,  I  never  obtained  more  than  feeble 

*  This  work,  which  appeared  in  1832,  is  particularly  important 
for  the  anatomic  and  natural  history  division. 

+  The  discussion  concerning  the  priority  of  the  discovery  of  the 
spark,  which  took  place  between  M.  Linari  and  myself,  obliged  me, 
against  my  own  will,  to  show  the  commissaries  of  the  Institute  the 
correspondence  which  took  place  on  tliis  subject  between  the  doctor 
of  science  and  myself. 
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traces  of  the  current  from  the  discharge  of  a  small  Leyden 
jar.  A  galvanometer,  similar  to  that  I  have  just  described, 
is  the  best  for  studying  the  discharge  of  the  torpedo.  More 
delicate,  that  is  to  sayi»  with  a  greater  number  of  turns,  it 
begins  to  be  sensible  to  the  electro-chemical  actions  of  the 
platina  plates  and  the  secondary  polarities ;  and  if  we  oblige 
the  current  to  traverse  a  bed  of  water,  we  run  a  greater  risk 
of  stopping  the  current  of  the  torpedo,  than  that  of  the  eletro- 
chemical  origin.  The  other  electroscope  which  I  very  often 
employed,  was  the  frog  prepared  in  ^  Galvani's  style.  I  even 
succeeded  in  using  it  to  determine  the  direction  of  the 
current ;  for  this  purpose  I  cut  the  frog  where  the  two  thighs 
meet,  and  caused  the  electric  discharge  to  circulate  from  one 
foot  to  the  other.  If  the  frog  be  a  little  enfeebled,  it  is  al- 
ways the  thigh  by  which  the  current  goes  out  of  that  is  agitated 
when  the  current  passes.  The  apparatus,  by  the  aid  of  which 
I  now  obtain  the  spark,  will  be  described  when  I  speak  of  this 
phenomenon. 

CHAPTER  III. 

On  the  phenomena  of  the  electrical  discharge  of  the 
Torpedo. 

Every  time  a  living  torpedo  is  taken  in  the  hand,  it  is  not 
long  before  a  strong  shock  is  experienced  from  it,  which  may 
generally  be  compared  to  that  of  a  pile,  of  100  or  150  pairs, 
charged  with  salt  water.  This  force  becomes  much  more 
feeble  after  a  certain  time,  even  though  the  animal  be  kept 
in  vessels  of  salt  water.  These  discharges  succeed  one  another 
with  great  rapidity,  when  the  animal  is  quite  well,  and  are  then 
almost  insupportable.  The  following  observation,  which  is 
common  among  the  fishermen,  and  which  I  have  myself  verified, 
will  suffice  to  give  some  idea  of  them.  When  they  draw  up 
their  nets  and  turn  the  fish  into  the  boat,  they  begin  washing 
them,  by  throwing  large  quantities  of  salt  water  over  them  j 
they  then  perceive  in  a  moment  if  they  have  a  torpedo,  by  the 
shock  which  is  felt  in  the  arm  that  throws  the  water.  If  you 
then  take  it  up  in  your  hand  to  try  it,  the  shocks  that  it  gives 
are  so  violent  and  rapid  that  it  becomes  necessary  to  drop  it, 
and  the  arm  is  for  some  time  benumbed.  After  a  little  time 
it  ceases  to  give  any ;  but  you  are  sure  to  receive  one  the 
moment  you  replace  it  in  the  water.  Some  very  slight  motions 
may  be  seen  in  the  body  of  the  torpedo  when  it  gives  the  elec- 
trical discharge.  I  ascertained  by  a  very  simple  experiment 
that  it  could  discharge  itself  without  its  body  undergoing  any 
change  in  size.     I  placed  a  middling  sized  female  torpedo  0"» 
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14  wide,  in  a  vessel  full  of  salt  water,  and  with  it  a  fc^og 
prepared  and  put  on  its  body.  The  vessel  was  perfectly  closed 
and  had  a  tube  of  very  small  diameter.  After  having  care- 
fully stopped  the  mouth,  I  finished  filling  the  vessel  with  wa- 
ter, so  that  the  liquid  was  raised  in  the  small  tube.  The  tor- 
pedo gave,  from  time  to  time,  discharges  in  a  particular  man* 
ner,  which  I  shall  hereafter  describe;  the  frog  contracted 
itself:  but  the  level  of  the  liquid  in  die  small  tube  was  im- 
moveable. 

When  the  animal  is  endowed  with  a  great  vitality,  the 
shock  is  felt,  whatever  part  of  the  body  be  touched.  In 
projportion  as  the  vitality  ceases,  the  region  of  its  body  in 
which  the  discharge  is  perceptible  is  reduced  to  that  which 
corresponds  to  the  organs  commonly  called  electrical. 

I  am  convinced,  by  experiments,  that  the  torpedo  has  not 
the  power  of  directing  the  discharge,  where  it  likes  or  where 
it  is  irritated.  It  can  discharge  itself,  when,  but  not  where, 
it  pleases.  It  was  thought  that  it  could  direct  its  discharge 
as  it  wished,  because  the  shock  was  felt  in  that  part  of  the 
body  which  touched  the  torpedo,  and  because  the  irritated 
part  of  the  fish  is  that  on  which  it  is  touched:  but  the  follow- 
ing is  what  takes  place.  If  the  discharges  are  strong,  Che 
animal  being  in  full  vigour,  they  are  ex^nenced  at  whatever 
part  the  torpedo  is  touched.  When  it  is  weakened,  and  you 
irritate  it  to  obtain  the  discharge,  it  is  no  longer  in  all  parts 
of  its  body  that  you  perceive  it.  I  have  placed  several  pre*, 
pared  frogs,  on  difierent  parts  of  the  body  of  a  very  feeble 
torpedo :  I  have:  irritated  it  with  a  knife,  at  the  tail,  fins,  gills, 
&c.  The  frogs  which  leaped  were,  in  every  case,  those  that  I" 
had  placed  on  the  electric  organs. 

By  means  of  the  frog  alone,  I  have  been  able  to  establish  what 
was,  during  the  discharge,  the  distribution  of  the  electricity 
over  the  body  of  the  torpedo*  In  order  that  the  frog,  or  any 
body,  be  traversed  by  the  electric  current  of  the  torpedo  which 
discharges  itself,  it  is  always  necessary  for  them  to  be  touched 
by  it  in  two  difierent  points.  If,  for  example,  we  take  a  frog, 
to  which  a  single  string  of  the  crural  nerve  has  been  left,,  a^ 
that  we  afterwards  touch  the  toiTpedo  with  the  onlyiextremity 
of  this  nerve,  keeping  the  fjrog  insulated^  we  never  perceive 
the  latter  contracted,  while  other  frogs  placed  on  the  fish 
undergo  very  great  contractions.  In  order  to  see  the  insulated 
frog  contracted,  by  the  discharge  of  the  tcH'pedo,  we  must  touch 
it  by  two  nervous  strings,  or  a  nerve  and  a  muscle  :  in  short, 
two  points  of  the  frog  must  touch  two  of  the  torpedo.  If  the 
frog  be  not  sustained  by  some  insulating  body,  but,  on  the 
contrary,  communicates  with  the  ground,  we  then  perceive  it 
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contract  itself,  even  when  it  touches  the  torpedo,  only  by  the 
single  extremity  of  a  nervous  thread.    - 

With  the  galvancraieter,  the  distributiotn  of  the  electricity 
is  very  easily  determined;  It  k  only  necessary  to  bring  the 
platina  plates  of  the  galvanometer,  on  the. different  parts  of 
the  electric  organ.  When  we  require  comparable  aiwi  exact 
results,  it  is  better  to  destroy  one  o£  jihe  organs,  which  is 
done  either  by  cutiting  it  entirely  out^  or  only  the  nerves.  I 
then  make  the  experiment  on  the  remaining  organ  untouched, 
without  fearing  the  discharge  of  the  other  impeding  that 
which  we  are  studying.  The  following  are  the  general  laws  of 
this  distribution. — 

1st.  All  the  points  of  the  dorsal  part  of  the  organ  are 
positive,  with  regard  to  those  of  the  ventral  part. 

2d.  The  points  of  the  organ  on  the  dcarsal  face,  which  are 
above  the  nerves,  penetrating  this  organ,  are  positive  with 
regard  to  the  other  points  of  the  same  dorsal  face. 

3d.  The  points  of  the  organ  on  the  ventral  face,  corres- 
ponding to  those  which  are  positive  on  the  dorsal  face,  are 
negative  with  regard  to  the  other  points  of  the  same  ventral 
face. 

These  three  laws,  which  are  founded  on  a  great  number  of 
experiments,  clecurly  explain  all  the  cases  of  the  current, 
which  arise  from  touching  either  a  single  face  of  the  organ  in 
two  different  points,  or  even  the  two  organs  at  once  on  the 
sameface,provided  that  the  points  touched  be  not  symmetrical. 

I  have  also  determined  in  what  manner  the  current  moves 
in  the  act  of  the  discharge,  from  the  exterior  skin  to  the  in- 
terior of  the  organ.  For  these  experiments  I  covered  my  pla- 
tina  plates  with  varnish,  leaving  only  a  very  narrow  band  un- 
covered. The  orgaOr  was  cut  horizontally,  and  the  two  inte- 
rior &ces  separated  by  a  plate  of  glass;  or  cut  vertically  and 
the  platina  plates  more  or  less  deeply  introduced.  I  varied 
these  dispositions  in  every  way,  and  the  general  result  was 
always  the  following: — The  positive  plate  of  the  galvanometer 
was  always  that  touching  the  dorsal  skin,  or  that  which  was 
nearest  to  this  part,  with  regard  to  the  plate  touching  the 
ventral  skin,  or  the  interior  part  of  the  organ  which  is  nearest 
to  this  skin. 

On  examining  the  intensity  of  the  current,  by  the  galvano- 
meter, I  found  that  it  varied  according  to  the  extent  of  the 
plates  touching  the  two  faces  of  the  organ. 

I  wished  also  toexamine  what  was  the  nature  of  the  current 
of  the  torpedo,  when  made  to  pass  during  a  greater  or  less 
time  thrcMigh  a  bed  of  salt  water,  or  through  this  same  bed 
divided  by  a  metallic  diaphragm.     The  general  principle  that 
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I  discovered  is  this:  when  the  torpedo  is  endowed  with  great 
vigour,  at  the  time  it  is  just  taken  out  of  the  sea,  the  current 
that  it  gives  may  be  compared  to  that  of  a  pile  of  a  great 
number  of  pairs,  and  charged  with  an  active  and  good  con- 
ducting liquid.  In  proportion  as  its  vigour  is  lessened,  the 
current  of  the  torpedo  always  approaches  that  of  a  feeble  pile, 
and  always  of  a  less  number  of  pairs.  To  stop  at  a  deviation 
of  the  galvanometer  that  might  be  comparable,  I  proceeded 
in  the  following  manner. — I  placed  the  torpedo,  just  taken  out 
of  the  water  and  dried,  on  an  insulated  metallic  plate.  It  is 
the  plate  of  the  apparatus  that  I  shall  describe  hereafter,  and 
which  I  used  to  produce  the  spark.  Another  metallic  plate 
having  a  glass  handle  was  placed  on  the  torpedo.  Copper 
wires  were  soldered  to  these  plates,  and  were  connected  where 
necessary.  To  obtain  a  fixed  deviation,  I  irritated  the  torpedo, 
placed  as  I  have  said,  so  that  it  gave  eight  or  ten  successive 
discharges,  and  I  take  the  final  deviation  at  the  half  of  the 
oscillations.  I  afterwards  take  away  the  torpedo,  immerse 
it  again  in  the  sea  water,  and  at  the  end  of  six  or  eight 
minutes  I  re-submit  it  to  the  experiment,  and  so  on.  On 
a  very  lively  female  torpedo,  0™  18  wide,  I  made  the  following 
experiment. — By  establishing  a  complete  metallic  circuit  I 
had  a  deviation  of  80\  This  same  current  afterwards  passing 
through  a  bed  of  salt  water,  0™  40  long,  very  wide  and  very 
deep,  introduced  by  platina  electrodes,  6  centimetres  square, 
was  scarcely  enfeebled;  the  same  torpedo  gave  me,  after  some 
time,  50"  with  the  entire  metallic  circuit,  and  12'with  the 
addition  of  the  bed  of  salt  water.  The  current  of  another  tor- 
pedo already  weakened,  gave  SO*  in  passing  over  the  metallic 
wire,  and  6'  in  passing  through  the  bed  of  salt  water,  0™  20 
long,  wide  and  aeep  0"  02,  in  the  middle  of  which  was  a  pla- 
tina diaphragm.  This  same  torpedo  still  more  enfeebled  gave 
12*  in  the  first  case  and  scarcely  any  traces  of  electricity  in 
the  second. 

The  phenomena  of  electro-chemical  decompositions,  already 
obtained  by  John  Davy,  have  been  studied  by  me.  I  shall 
only  mention  one  very  simple  manner  of  producing  them.  It 
consists  in  forming  the  circuit  between  the  two  faces  of  the 
organ,  with  a  band  of  paper  moistened  in  a  very  saturated  so- 
lution of  iodine  of  potassium.  Two  platina  plates  are  inter- 
posed between  the  surfaces  of  the  organ  and  the  edges  of  the 
paper.  After  some  discharges  the  indications  of  the  decom- 
position appear. 

The  electric  spark  is  very  easily  obtained  with  the  apparatus 
I  have  described.  Gold  leaves  are  fixed  with  gum  on  the  two 
metallic  balls.     These  two  leaves-«je  held  at  the  distance  of 
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a  demi-ipillimetre,  and  by  lightly  moving  the  upper  metallic 
plate,  the  animal  is  irritated,  at  the  same  time  the  leaves  move, 
approaching  and  diverging  almost  simultaneously.  Very 
brilliant  «parks  are  seen  to  shine  between  the  gold  leaves. 

CHAPTER  IV. 

On  the  exterior  and  interior  causes  which  influence  the 
discharge  of  the  torpedo. 

By  exterior  causes  I  mean  those  which  do  not  sensibly  des- 
troy the  organization  of  the  fish  :  and  vice  versA  for  the  interior 
causes.     I  shall  demonstrate  them  in  two  distinct  sections. 

1*^.  Section — Exterior  causes. 

The  life  of  the  torpedo  is  prolonged  more  or  less  by  the  three 
following  circumstances :  •  1st.  the  quantity  of  sea  water  in 
which  it  is  kept ;  2d.  the  temperature  of  this  water ;  and  3d. 
the  degree  of  irritation  to  which  the  animal  is  submitted,  and 
by  which  it  is  obliged  very  often  to  dischaO'ge  itself.  I  have 
succeeded  in  prolonging  the  life  of  the  torpedo  for  three  days 
in  my  room,  by  uniting  in  a  manner  very  favourable  to  the 
animal,  the  three  circumstances  above  mentioned.  It  must, 
however,  be  observed,  that  the  causes  which  prolong  the  life 
of  the  torpedo,  are  not  the  same  which  increase  the  activity  of 
its  electric  function.  We  shall  see  in  this  section  that  the 
electric  function,  and  the  prolongation  of  the  life  of  the  animal, 
vary,  by  the  effect  of  the  same  causes  acting  in  an  opposite 
manner.     We  will  first  speak  of  heat. 

In  a  quantity  of  water,  about  a  metre  deep,  and  contained 
in  a  vessel  30  centimetres  in  diameter,  the  temperature  of 
which  was  4-18*  R,  the  torpedo  usually  lives  only  five  or  six 
hours  at  most,  always  preserving  its  electric  force  with  a  greater 
or  less  degree  of  activity.  If  the  temperature  be  lowered  the 
electric  function  ceases  almost  at  the  same  time.  I  took  two 
female  torpedoes,  caught  at  the  same  time,  and  of  a  middling 
size.  I  commenced  my  experiment  three  hours  after  I  caught 
them.  They  were  placed  in  equal  quantities  of  sea  water, 
but  of  different  temperatures,  the  one  being  4-18'  R,  and  the 
other  -I-4'*  R.  At  the  end  of  five  minutes,  the  torpedo  im- 
mersed .  in  the  cold  water  gave  no  more  electric  discharges, 
nor  any  motion,  though  irritated.  In  five  minutes  more, 
scarcely  any  motion  was  perceptible  in  its  gills  ;  it  might  have 
been  thought  dead :  the  other  torpedo  was  just  in  its  usual 
state.  I  took  the  former  out  of  the  water  and  placed  it  with 
the  other.  In  about  ten  minutes  it  had  regained  its  former 
force,  in  every  respect  like  the  other.     I  repeated  this  experi- 
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ment  four  successive  times  on  the  same  fish,  and  always  with 
the  same  result^  excepting  that  it  required  as  much  more  time 
to  recover  itself  as  it  had  been  longer  cooled.  I  saw  a  very 
small  male  torpedo  removed  by  night  for  ten  hours  in  a  very 
small  quantity  of  sea  water,  at  the  temperature  of  about  4-8*' 
or  10'  R;  it  arrived  benumbed  and  almost  dead.  The  state 
in  which  I  saw  it  made  me  take  it  from  the  water  and  place 
it  upon  a  table,  on  which  a  ray  of  the  rising  sun  fell.  I  then 
saw  it  move;  I  placed  it  in  some  water  at  +1^'*  R>  i^  *^  ^^' 
ment  it  gave  me  an  electrical  discharge,  and  continued  to  live 
for  about  an  hour.  I  studied  the  action  of  renewing  the  heat 
on  another  torpedo ;  it  was  a  female  one  and  not  very  active. 
I  placed  it  in  some  sea  water  that  I  could  heat  at  pleasure.  In 
proportion  as  the  heat  increased,  I  took  care  to  touch  the 
animal,  which  never  ceased  giving  strong  electrical  discharges. 
The  temperature  was  at  •\'*6(f  R,  when  the  animal  gave  me 
five  or  six  electrical  discharges  stronger  than  before,  which 
lasted  some  seconds,  after  which  it  died.  I  prolonged  the 
existence  of  another  torpedo  in  water  at  +26*  R,  which  con- 
tinued to  give  discharges,  but  soon  died.  If  care  be  taken  to 
remove  it  immediately  fi'om  water  of  about  +24'*  or  26"  R,  and 
place  it  in  water  at  about  +18'  R,  it  may  be  recovered.  This 
is  an  experiment  I  repeated  several  times.  We  can  very 
easily  explain  this  action  of  heat  without  having  recourse  to 
unknown  causes  or  too  distant  analogies.  The  principles  es- 
tablished in  the  great  works  of  Edwards,  on  respiration,  are 
sufficient  to  elucidate  this  phenomenon.  There  remains  only 
to  admit  that  the  electrical  function  is  proportional  to  the  ac- 
tivity of  the  circulation  and  respiration  of  the  animal.  The 
fish  immersed  in  cold  water  has  its  circulation  almost  instantly 
stopped,  and  a  small  quantity  of  air  suffices  to  maintain  its 
beimmbed  existence.  In  warm  water,  the  circulation  and  res- 
piration become  very  rapid,  but  the  fish  soon  dies  on  accouat 
of  the  diminution  of  the  air,  the  quantity  of  which  is  no  longer 
in  proportion  to  the  additional  activitvof  these  two  functions. 
Before  entering  upon  the  study  of  the  respiration  of  the 
torpedo,  with  regard  to  its  electrical  function,  I  ought  to  com- 
mence with  the  analysis  of  the  air  dissolved  in  the  sea  water. 
My  apparatus  was  the  same  as  that  employed  by  M.  de  Hum- 
boldt, in  his  celebrated  work  on  the  respiration  of  fish.  The 
analysis  of  the  air  was  made  by  potassium  and  the  combustion 
of  phosphorus.  I  repeated  this  analysis  several  times,  and 
observed  great  difierences  in  the  results,  acocwrding  to  the  parts 
of  the  sea  whence  the  water  was  taken,  and  according  to  the 
temperature  at  which  it  was  exposed.  I  shall  here  give  the 
mean  composition  of  the  air,  contained  in  the  sea  water,  near 
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the  coast  of  Cesenatico,  at  13'  R  and  one  foot  below  the  sur- 
face, 3500'^*' of  water  gave  me  62.5  of  a  cubic  inch;  English, 
equivalent  to  101.87.  The  composition  for  100  of  this  mix- 
ture, was,  11  of  carbonic  acid,  60.5  of  azote,  and  29.5  of  oxy- 
gen. This  composition  was  constant  as  far  as  regards  the 
oxygen  and  azote  ;  the  carbonic  acid  varied  from  O.OS  to  0.27. 
The  same  sea  water  taken  near  my  house,  in  a  small  reservoir 
which  opened  into  the  canal  of  the  port,  at  the  temperature 
of  +22'  R  gave  me  the  following  composition :  3530''*'  gave 
45  tenths  of  a  cubic  inch,  English,  of  which  the  composition 
of  100  of  the  mixture  was  17.8  carbonic  acid,  24.4  oxygen  and 
57.8  azote.  We  will  now  notice  the  change  made  in  this  quan- 
tity of  air  and  in  its  composition  by  the  respiration  of  the  tor- 
pedo. I  made  two  experiments  choosing  two  female  torpedoes 
of  almost  equal  vigour  and  size.  One  of  these  torpedoes  was 
immersed  in  the  water,  of  which  I  have  given  the  analysis ; 
it  was  quiet  for  45  minutes^  at  the  temperature  of  +22'  R :  the 
other,  torpedo  was  in  the  same  condition,  except  that  it  was 
continually  obKged  to  give  its  discharge.  Having  taken  them 
still  living  out  of  the  water,  I  passed  immediately  to  the  ana- 
lysis of  the  air  contained  in  these  two  separate  portions  of  sea 
water,  of  which  the  following  are  the  results : 

Air  of  the  water  of  the  torpedo  which  gave  the  discharges, 

3500*'*'  gave  50*5  tenths  of  a  cubic  inch,  English. 

Composition. 

Carbonic  acid    11         30  6 

Azote       .     -     19-5     69-4 

Oxygen   -     -     some  traces 

30-5    1000 

Air  of  the  water  of  the  torpedo  which  remained  quiet. 

3500*'*'  gave  33-75  tenths  of  a  cubic  inch,  English. 

Composition. 

Carbonic  Acid  12*50    37-8 

Azote      -     -    20-25    594 

Oxygen  -     -       I  28 

33-75   100-0 

Hence  we  perceive  that  the  irritated  torpedo  has  breathed 
more  than  the  other.  The  oxygen  absorbed  is  to  the  azote 
absorbed  as  100:59 ;  the  oxygen  absorbed  to  the  carbonic 
acid  produced  as  100:37*2.  In  the  second  torpedo,  the  first 
proportion  is  as  100:57*50,  the  second  as  100:45.  It  is  a  sin- 
gular result,  that  the  torpedo  which  has  the  most  action  on 
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the  oxygen  and  azote,  is  at  the  same  time  that  which  develops 
least  carbonic  acid.  The  first  result  is  very  easily  explained 
by  the  acceleration  of  the  respiration  and  circulation  of  the 
irritated  torpedo. 

I  shall  yet  describe  one  experiment,  which  confirms  the 
principle  already  established,  viz.,  that  the  activity  of  the 
electrical  function,  is  proportional  to  the  activity  of  the  circu- 
lation and  respiration  of  the  animal.  I  took  a  very  small  and 
weak  male  torpedo,  whose  respiratory  motion  was,  at  times, 
scarcely  perceptible,  and  from  which  it  is  very  diiBGlcult  to 
obtain  a  discharge.  I  placed  this  torpedo  under  a  bell  full  of 
oxygen  gas.  The  animal  immediately  became  agitated,  open- 
ing its  mouth  several  times,  making  strong  contractions,  and 
at  the  same  time  giving  me  five  or  six  strong  electrical  dis- 
charges, after  which  it  died. 

To  finish  the  explanation  of  my  researches  on  the  exterior 
causes,  which  influence  the  electrical  discharge  of  the  torpedo, 
I  have  still  to  mention  the  action  of  noison.  I  return  te  the 
experiments  I  have  already  made  ana  published  last  year.  I 
took  three  grains  of  strychnia,  and  added  thereto  some  drops 
of  muriatic  acid.  I  introduced  the  muriate  into  the  mouth 
and  stomach  of  a  very  lively  large  torpedo,  25  centimetres 
wide,  and  32  long.  In  a  few  seconds  it  had  violent  contractions 
in  the  spinal  marrow :  afterwards  with  these  contractions  it 
made  some  very  strong  but  unirequent  discharges ;  ten  minutes 
afterwards  the  discharges  became  more  feeble ;  but  nearer  to 
each  other;  shortly  the  discharges  ceased,  and  the  animal  died 
with  violent  contractions.  Its  life  was  certainly  not  prolonged 
more  than  from  ten  to  twelve  minutes.  I  also  prepared,  with 
three  grains  of  morphine  and  some  drops  of  muriatic  acid,  the 
muriate  of  morphine.  The  torpedo  I  employed  in  this  experi- 
ment was  still  larger  than  the  former  one,  but  not  so  strong; 
eight  or  ten  minutes  after  the  introduction  of  the  poison  it  began 
giving,  by  itself  without  any  irritation,  and  without  the  least 
contraction,  some  extraordinarily  powerful  discharges;  the 
needle  of  the  galvanometer  was  in  a  continual  agitation.  In  ten 
minutes  it  gave  certainly  not  less  than  sixty  of  these  powerful 
discharges.  After  this  time  the  spontaneous  discharges  ceased, 
and  it  became  necessary  to  irritate  the  animal  in  the  mouth 
and  gills  to  obtain  them :  it  lived  thus  quietly  more  than  forty 
minutes,  constantly  giving  more  or  less  powerful  discharges. 

Among  the  exterior  causes  which  influence  the  electrical 
discharge  of  the  torpedo,  we  must  also  place  the  irritation 
produced,  by  compressing  it  in  different  parts  of  the  body. 
Kubbing  the  gills  is  one  of  the  most  certain  ways  of  obtaining 
a  discharge,  as  is  also  the  compression  of  the  organ  in  the 
point  which  corresponds  to  the  passage  of  the  nerves.     The 
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discharge  nearly  always  takes  place,  when  the  fish  is  bent,  so 
that  the  stomach  becomes  concave.  Even  the  compression 
of  the  eyes  and  the  cavity,  which  is  placed  above  the  brain, 
never  fails  to  cause  strong  electrical  discharges.  If  the  nerves 
which  are  in  this  cavity,  and  which  traverse  the  muscles  of 
the  eye,  be  tied  or  cut,  this  compression  no  longer  produces 
the  discharge. 

The  electric  current  ought  likewise  to  be  placed  among  the 
exterior  causes,  which  determine  the  electrical  discharge  of 
the  torpedo.  A  current  from  thirty  pairs,  zinc  and  copper,  5 
centimetres  wide,  charged  with  a  nitro-sulphuric  solution, 
causes  strong  discharges  of  the  torpedo,  every  time  it  is  made 
to  pass  from  the  mouth  to  the  gills,  to  the  skin^  or  in  the  inte- 
rior of  the  organ.  I  have  prolonged  the  duration  of  the 
current,  to  see  what  eiFect  was  produced  when  it  ceased  circu- 
lating. I  perceived  nothing  in  this  case.  The  exterior  application 
of  the  current,  such  as  I  have  described  it,  either  directly  or 
inversely,  produces  the  same  effect. 

2nd.  Section — Interior  Catcses, 

I  have  already  said  that  by  interior  causes,  I  mean  those 
which  modify  the  organization,  I  shall  divide  the  study  of 
them  between  three  parts  of  the  body  of  the  torpedo. 

1^^.  The  proper  substance  of  the  organ  and  the  mtiscular, 
cartilaginotcs,  ^c,  parts,  lohich  cover  and  surround  it.  I 
here  repeat  what  I  have  already  said,  that  in  order  to  study 
properly  these  phenomena,  I  have  always  taken  care  to  destroy 
the  function  of  one  of  the  organs :  I  shall  presently  show 
how  it  may  be  done. 

I  have  already  observed,  since  the  last  year,  that  by  raising 
the  skin  of  the  organ,  of  the  back  or  belly,  separately  or  to- 
gether, the  intensity  of  the  electric  discharge  is  not  diminished. 
I  had  occasion  this  year,  also,  to  repeat  several  experiments 
of  this  kind.  I  cut  the  organ  in  the  middle,  either  horizon- 
tally or  vertically,  and  introduced  a  plate  of  glass  to  separate 
the  two  edges ;  the  electrical  discharge  still  continued.  I  cut 
the  organ  so  as  to  leave  one  half  of  it  attached  to  the  other 
by  a  small  strip :  the  discharge  still  took  place  from  one  to 
the  other,  provided  that  they  were  connected  by  a  perfect 
nervous  branch.  I  saw  a  very  lively  little  male  torpedo,  of 
which  I  cut  several  times  the  three  quarters  of  the  organ: 
each  time  I  recommenced  cutting,  the  discharges  took  place 
with  a  constant  increasing  intensity. 

There  are  only  two  means  by  which  I  was  able  to  destroy 
the  electric  function,  acting  on  the  single  substance  of  the  or- 
gan. These  two  means  are,  the  contact  with  concentrated 
jnineral  acids,  and  the  heat  of  boiling  water.     After  having 
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raised  the  upper  skin  of  the  organ,  I  moistened  the  internal 
substance  with  sulphuric  acid,  and  I  immediately  obtained 
powerful  discharges :  in  a  few  minutes,  the  substance  of  the 
organ  became  white  and  coagulated,  and  it  was  then  impos- 
sible to  obtain  any  more  discharges.  The  same  effect  may 
be  produced  by  muriatic  acid.  If  a  torpedo,  the  skin  of  one 
of  whose  dorsal  organs  has  been  raised,  be  immersed  in  boil- 
ing water,  at  the  first  impression  of  the  heat  we  have  very 
violent  discharges;  but  if  we  continue  this  immersion  for  a 
few  seconds  only,  the  discharge  ceases,  and  the  substance  is 
also  coagulated.  This  experiment  must  be  made  so  that 
the  torpedo  be  only  immersed  by  the  organ  that  has  been 
flayed,  for  it  is  by  this  means  that  it  is  saved.  Operating  in 
this  manner,  I  happened  to  make  a  curious  observation,  which 
I  think  useful  to  relate.  One  of  the  torpedoes  that  had  lost 
the  electric  function  of  one  of  its  organs,  after  having  been 
immersed  for  some  seconds  in  boiling  water,  was  replaced  in 
sea  water,  where  it  lived  for  nearly  two  hours.  The  substance 
of  the  organ  was  no  longer  white  or  coagulated,  having  reco- 
vered its  ordinary  properties,  without,  however,  being  able  to 
give  a  discharge. 

I  add,  further,  that  I  cut  in  two  or  three  points  the  cartila- 
ginous arc  surrounding  the  organ,  the  secretory  tubes,  which 
reunited  in  bundles,  the  cartilaginous  arc  which  is  dn  the 
gills,  and  the  cavity  full  of  a  substance,  analogous  to  that  of 
the  organ,  which  is  above  the  brain,  without  in  the  least 
diminishing  the  force  of  the  electric  discharge.  I  obtained 
the  same  results  by  cutting  all  the  muscles  and  tendons  which 
surround  the  organs. 

2rf.  The  nerves  which  are  placed  in  the  organ.  It  is  a 
fact  already  observed  for  some  time  past,  by  Galvani  and 
Spallanzini,  that  by  cutting  the  nerves  of  one  of  the  organs, 
the  discharge  ceases  on  that  side,  while  it  continues  on  the 
opposite  side.  |  had  also  established  in  my  researches  of  last 
year,4;hat  it  was  not  sufficient  to  cut,  one,  two,  or  even  three, 
of  these  nerves  to  entirely  destroy  the  discharge;  but  for 
that  purpose  it  was  necessary  to  cut  all  four. 

(  To  be  continued,  J 
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Saturday,  March  3.     Mr.  Sturgeon  read  the  third  of  his 
series  of  papers  on  experimental  and  theoretical  researches 
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in  Electricity.  This  portion  is  principally  devoted  to  an  exa- 
mination of  the  assumed  identity  of  Electricity  and  Mag- 
netism. The  most  striking  instances  of  analogy  are  col- 
lected^ arranged^  and  illustrated;  and  the  phenomena  on 
which  they  most  obviously  disagree  distinctly  pointed  out. 

It  was  our  intention  to  have  inserted  these  papers  in  this 
Journal  as  they  were  read;  but  the  Society  having  intimated 
their  intention  of  publishing  them  in  their  transactions,  we 
delay  any  further  notice  until  they  are  printed  by  the  Society. 

Saturday,  March  17.  Mr.  Leithead,  Hon.  Sec.  to  the 
Society,  read  a  paper  describing  a  series  of  experiments 
with  single  voltaic  plates  which  had  been  made  by  the  author 
for  the  purpose  of  ascertaining  the  best  solution  adapted  to 
the  sustaining  battery,  without  the  interposition  of  a  mem- 
brane. The  author  had  tried,  unsuccessfully,  solutions  of  the 
sesqui-carbonate,  and  the  siQphate  of  soda;  of  the  sulphate 
and  nitrate  of  potash ;  the  sulphate  of  alumina,  magnesia, 
iron,  and  zinc:  also,  tartaric  and  oxalic  acids;  and  the  oxo- 
late  and  nitrate  of  ammonia;  when  it  occurred  to  him  that, 
as  bodies  became  materially  changed  in  their  properties  by 
chemical  combination,  a  solution  of  a  non-conducting  body  in 
an  imperfect  or  non-conducting  liquid,  might  also  be  altered 
in  regard  to  its  power  of  conducting  electricity.  Tincture  of 
iodine  was  used  and  the  needle  was  steadily  deflected  40 
degrees.  Next,  a  solution  of  iodine  in  sulphuric  ether,  but 
no  deflection  was  produced.  Now  ether  is  a  definite  compound 
of  4  atoms  of  carbon,  5  of  hydrogen,  and  1  of  oxygen;  and 
the  non-development  of  an  electrical  current  on  the  immersion 
of  plates  of  zinc  and  copper  in  a  solution  of  iodine  and  ether, 
seems  to  militate  against  the  opinion  of  Berzelius,  that  ether 
is  the  oxide  of  a  peculiar  compound  inflammable  body ;  whilst 
from  the  effect  with  the  tincture  of  iodine  it  may  be  inferred, 
that  iodine  is  an  oxide;  or,  if  not  an  oxide,  that  in  like 
manner  with  the  acids,  it  cannot  enter  into  combination  with 
the  metals  unless  oxygen  be  present,  with  which  they  may 
previously  combine.  The  next  solution  used  was  the  hydrio- 
date  of  potash.  The  first  deflection  w«is  65  degrees,  but 
rapidly  decreased  to  40  degrees;  and  the  action  was  neither 
continuous  nor  steady. 

We  now  arrive  at  that  portion  of  the  experiments  which 
Mr.  Leithead  considered  as  most  important  for  the  object  he 
had  in  view.  Oxide  of  zinc  is  soluble  in  ammonia;  therefore 
a  mixture  of  nitric  acid  and  hartshorn,  the  latter  in  excess, 
was  tried,  in  the  hope  that  the  oxide  might  be  dissolved  as 
rapidly  as  it  was  formed;  and  thus  a  sustaining  battery  con- 


Digitized  by 


Google 


304  The  Electrical  Spciety  o/f  London, 


Digitized  by 


Google 


The  London  Electrical  Society,  305 

amdeiitetiten  represeat  Ae  suyftiee*  dqpmed  of  Ui«ir  tti^ttral 
quantityof  fluid.  Tbe  amount  of  eleetrieitysuiBcient  to  saturate 
each  atom  of  matter  k  attracted  to  thai  atom,  nor  is  it  partial 
to  one  atom  more  than  to  another ;  bat  since  it  is  repulsive  of 
\\M  own  particles,  it  would  be  more  inclined  to  those  atoms  in 
the  circumference  than  to  an  j  other,  and  hence  we  might  ex- 
pect to  find  that  negative  electrified  bodies  are  negative  in  the 
centres,  and  not  (as  experiment  teaches^  at  their  circum- 
ferences ;  but  there  is  a  similar  action  without  the  circum- 
ference that  prevents  this.  Each  atom  of  the  circumambient 
air  is  surroumied  by  its  electrical  atmosphere,  equally  ready  to 
fly  to  the  vacant  curcumference ;  and  it  would  actually  flow 
ttom  the  nearest  particle  of  air,  providing  the  fluid  from  the 
ncJBi  particle  could  supply  its  place,  and  so  on  through  the 
series.  But,  since  non-conducting  bodies,  very  unsteadily 
admit  this  transfer,  the  only  effect  produced  is,  that  the  fluid 
of  that  Jlrst  particle  flows  to  the  side  nearest  the  ball;  the 
fluid  of  the  second  to  the  side  nearest  the  first ;  and  so  on  till 
at  some  certain  distance  between  the  two  balls,  represented 
by  the  line  9, 1,  two  particles  of  air  x,  y,  present  to  each  other 
tt^iativf  sides.  It  will  be  seen  by  reference  to  the  figure, 
where  the  arrows  represent  the  direction  of  the  forces,  that 
a  fepttlsion  exista  between  the  particles  immediately  within 
a«d  witiMwl  the  circumferences,  marked  1  and  3,  2  and  4  ; 
Ihis  f^adaion  reacts  on  all  the  particles  from  1  to  t,  and  from 
9  lo  E  i  io  that  x  and  t  are  repulsive,  and  therefore  separate, 
mm/mima  the  intermediate  particles  and  the  two  bails,  and 
IImis  piockciag  the  phenomena  under  consideration. 

We  eannot  close  our  usual  notice  of  the  meetings  of  the 
LcnmI(Hi  Electrical  Society,  without  observing  that  the  care 
displayed  im.  tke  mann^  the  first  transactions  have  been  pub- 
lisked,  are,  ia  every  respect,  well  worthy  of  the  attention  of 
every  friend  of  electrical  science.  The  transactions  to  which 
we  auhide  consist  of  two  papers :  the  first  entitled  the  action 
of  tile  vidtaic  battery  shown  to  be  two-fold,  and  the  dis- 
tinctixMi  between  the  terms  quantity  and  intensity  determined 
by  the  theory  oi  vibration ;  with  a  i^ply  to  the  various  ob- 
jecti<»8  made  to  the  thecHry ;  by  Mr.  'fhomas  Pollock,  read 
21rtofOctoberand4thof  November,  1837.  The  seccmd, 
a  deacriptMm  of  some  experiments  made  with  the  voltaic 
battery,  by  Awlrew  Croese,  Esq.,  dt  Brocmifield,  near  Taun- 
ton, tor  tke  p«rpoee  of  productng  crystals ;  in  the  process  of 
whidi  experimaits  certain  insects  constantiy  appeared.  Com- 
monioated  in  a  letter  dated  27th  December,  1837,  addressed 
to  the  Secretary  of  the  London  Electrical  Society,  read  20th 
January,  1838. 

Vol.  II.— Ab.  10,  jtpril,  1838.  X 
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tii^fte  piipgrB.' •  They  iiie  nttwthibliflbfld«pp«rt'irfitke  tnmwfai) 
timii^  of  the  sometyi'HliBB4ra*edlwith  a^^Iafcenrf  kKpfttb^pm^he-^ixi^ 
gtams.  Snstieiftd  of  ^hiiering  tbexd^mit>papkiBlto  f emaintiaiitdl! 
a  volmhe  i»  eonipliW)ed>:f&eqci»ratokltee>fci^ye^/oalisIdeBed:)Tifl 
more  to  the  inteivsli  of  tiu^  spoiety :  that  itloe^  l  Bh<bddj  Ibefqiiise 
trfbttted  to  the  nienibere  AskheyarofprilMI.  >rWetekrt»*^Qp 
approve  of  thistnodeprf  pi^infemg  the'pappMV^abA/tfeeip^^ 
worthy  efforts  of  thisisoiaetyv  t&'(fqiithBi"//the>ifclau&B7«f)faB 
sei^noe  which  has  Ibteiyoeaaplid  Bomnohrirf '^d)atfteiiiiaii)ofj 
Europeatt  philobcq^Mip,  as  weflrdBierviligvtht)  aheotda^nMirti 
it  has  received. 


•;ir..l..l    .t iTf       . 

(abstractO    ,  ,  ^'**;\\"^^ 

JOHN    GEORGE    CHILDREN,  Esq.,   Vice-President, 
in  the  Chair. 

K.  G.  H.,  F.  R.  S., &c.  ^     ■' 

In  the.proaec»t^  ^.l^.ppjti<5^  W<¥?ffi>ffl>  t^^flltt^d 
induioedtio  study  the  ^^i^^fqajof.rau^ 
discovered  by  Dr.  Young,  ana  described  by|h^     t..^^.. 
loapphMx^l  Tran«5^c)ti9ps  for  l|8Q2^j^s^Jb^d  ftpii^f^^^ 

cuwstancei?,  to  wkipb  be  iiadt  heei?,  Jed  j  tq  ascripie  an  grigi^i 
different  from  that  assigjiedbyjjDf..  y^uu^  '.^ft.Q^^r|tft.^fea 
tawx  a  mare  distinct  view  ctftliese^coi^^y:^,  Sif.lj^^^^Mi^j^ff^ 
eiwployeda  instead  of  tbeiB^bptTOce^(U^^])j^  J^.,^9>jo^ 
whit^  of  m.  eygg,.bieat  ^^ii?Ltft.%)^^,|^nd^g^^  _ 

film  between  iwates  of  ^gl^^isL,  ,  .EyW,  <^^\?f^tii;i^  WtlW^ 
coloiws  e3dubitj^by  ipj^t^.saffl^p^^^j^fl^ 
of  a,  thm,filj3p,  qS,  ip^wte  i»  f^s*^ptj,)Y^tIv.fi9H^v^>  J^SH%f[V« 
author:  deduces  the  cQnciu«w,j  th^.^llithe^js^Bl^^^fW^^^ 
w^U, as  t^05e of^a si^cq ,in /jerifinm^gjpft^i^i^pf  ^y^ ^oygft^ 
wbiph  tit^mmn  is  4is$ei»infttjB4  w4  ^P  W  sMJ»^*fif4>^  4Wfe« 
arexiaaes.of  diffi:aftio%  wber^lhe  ,tgJitjja|,obf^3fHp^fl^£#»p 
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diffiurent  xttfrkctiTO  |iow»e(F*  If  the  plata  vjiete  ep^Hm,  tibie 
frtao^ed  produced  mxidd  be  of  tiietsaine;  MdA  Ets>  tb^se  aftem 
liolioedy  aiHi'wtbiohtaireieaplBinedfQiiitheMp^^^  df  iatoi-. 

fbretoe  J  )bul  'Owing;  to  the  tianspariancy  'Of  •  the  plate,.  &it)gesi 
ape  prodiiicisd  mthm  ite  :i^a4ow  ^  sHoid^  owiogi  to  the  thiiuie«i9 
at^  the!plate/<he  lij^  transmitted  through  it  is  s^Utrdedj  9Xti, 
isEteriSariagTvditE the  pfirtial  >xraves  -which  pass-  through  the  plek^Q^ 
and(with  th<S9ei\viiichpkss  beyoad  the  d]ffi»ctiag  edge  with' 
UndimiBishediT^loeity^inodify  the  usuaVsyBtem  df  frmgesjnitbe 
il»imet  desonbed  by  the  author  in  tibe  ^[n^ebent  paiper* 


December  21,  1837. 

FRANCIS  BAILY,  Eisq.,  Vice-President  and  treasurer^ 
in  the  Chair. 

The  reading  of  Mr.  Faraday*s  eleventh  series  of  Experi- 
mental Researches  in  Electricity  was  resumed,  but  not  con- 
cluded. 

The  Society  then  adjourned  over  the  Christmas  vacation 
to  meet  again  on  the  Ilth  of  Jatmari^  idext. 

January  11,  1838. 

JOHN^.^IKPRPJE^Q^ILPREN^  E^^  Vioe-ipue^ident,  in 

the  Chair.  ;        '    ^ 

Th^  baHbt  for  Bi^ran  Dotikhiv  Esq.,  was  postponed  in  con- 
seq^nene^'of  thfetiuitaber  of  FV^llows  required  by  the  Statutes^ 
not  Bef^  pt^setitc  ■ 

The!  heading  of  a  paper,  entitled  '*Experiment£d  Researdhcar 
in  EI^tHiifcity/'  Elevtoth  Series,  by  Michael  Faraday,  Esq., 
DiG.L.,  F.R.1?^.,  Fillei^an  Professor  of  Chemistry  at  the 
Bbya-  imimibp,  &e..  Was  ^reisumed  and  concluded.  ' 

1.%fe6l^e(?.tofthip. paper  is  to  establish  two  general  prih- 


thilt  diflfefrent  ifisuktbrs^hfiK^  dSffefent  inductive  caj>aciti^itf. 

-The  clftis '  of  jyhtfnoniena  ustially  arranged  under  the  h^d' 
^  induction' tti&  r^ricible  to  a  general  fact,  thf  existehde  bf> 
which  we  majy  recognise  in  all  electrical  phenomena  >dttit- 
soeret;  and  thejr  involve  the  operation  of  a  jirihciple  haViri^ 
aSI'thfe  characters  of  a  fiiiit,  essential  and  fundamwitat  iaWl' 
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iiB€^at&t^tUlliei^ibtiJ^6  tb^mk,  i^  thebeliiied  on  ofie  WMt^er ; 
hK^epetiMt^g  6i.  iAduetioBf  Wing  an  AtJtion  of  the  eotitiguous 
liaifttdes^f  the  difcle^Hirii'  ti^dwtt  ihtd  a  state  of  polarity  and 

t^^re  ftfte^iiV^ddVatifedlbyMbattttitiiig  a  fltiid;i6iii  (^  ^f  tur- 
pentine, aildfikewise  a  few  8rfli*dleleetric«/riafttdijj  iSlieH4ttei 
tfulphnr,  carbonateand  bdfiite^  lead;  ^itit^^lass;  imid  ipetJ. 
ttiaeeti,  and  with  these,  eorrespenffiiig  restfl!  J  w^c  otj^tained; 
These  resalt*,  the  author  considers,  canAotMt  be^  admitted 
as  arguments  against  the  received  thedry  df  *iAdti<^ti6n,^attd  In 
favour  df  that  which  he  has  put  forth.  '  ;* 

In  the  course  of  these  experimental  researches,  fedttie  e^i^c^s 
due  to  conduction,  which  had  not  been  anticipat^iit  ^nd^wJUich 
We^e  similar  to  the  residuri  chaige  in  the  LeydcJn  ja^,  hid 
been  obtflined  with  such  bodies  as  glass,  lac,  sulphui^;  8d^*' '  If 
the  indudtive  imparattw,  fitted  with  a  hemispftiei^ictil*  enp^<t 
^if^-lac,  after  havnigi-emftined  charged  foi^'ftfteen  ^^^etitjr 
niin^iffeis,  was  suddenly  and  p^eetly  discharged,  «tid  UitftUk 
t^itiielf,  it  w'oiild  gradually  recover  a  >^y' senslbl^' charge; 
the  ^I6etri6ity  whitjh  this  returned  frbm  an  appfia?entiy'lateirt 
tb^to  Sensible  state  being  always  of  the'  same  kind  its' Ihat'^veti 
by  ther  cfharge.  This  rfettihi  charge  is  iattiibut'^d  t6  ttti  actual 
p&nettratiott,  by  oondubtion,  of;  the  chatge  to '  some  dii^ajntb 
within  the  dieleWrife  at  each  of  hs  two  »urtotes>  ^id  '^evfertfl 
tt^perimetets  we  adduced  in  snimort  of  this  vifeWL  With  iliell- 
Ifijc'and  spermaceti  t*e  return  charge  wtis^nsifleriblei  with 
glass 'and  sidphar  it  was  mneh  less  ,•  but  with  air,  ttod^idid 
eSbot  of  the  kind  oould  be  obtained.  As  ^i^  was  an  effedt 
which  might  interfere  with  the  results,  in  the  mfethdd  tfee 
ai^thor  ladc^d  for  deciding  the  question  of  specific  induetivte 
cepaeify,  and  as  time  was  requisite  for  thiepejietratioto  of  the 
cimrge,  its  influence  on  these  results  was  guarded  s^tnst  by 
allowing,  betweesi  tiie  successive  operations,  as  little  time  as 
posi^ble  fer  this  pecidiar  action  to  arise. 

The^  author  thus  states  the  ouestion  of  speoifio  inda*tive 
capacity  which  he  bad  pr^oMgea  to  iftvie|?^?,te  x— S^ypoa^^ 
an  electrified  plate  of  metal  suspended  in  the  air,  and  n  and 
Cl  tito  exactly  rimiteor  {dates^  j^aio^  parallel  :to  ajud  on  each 
«dkle!f^.A>iaiie^aldistonoes,  anduninsulAted;  A  wiU  thefti 
indi^ce  equally  tawaod^  B  and  C.  If  in  this  position  of  the 
/  plftfefs,)  sdmft  olher  dieleotiie  tlum  air,  as  shAll^lao,  be^intr6- 
duced  between  A  and  C,  will  the  induotiont  between  them 
pemrns  ihs^isame;  or  will  the  i^laticm  of  C  i^d  B  to  A  be 
(^ered  by-  (the  di^erenee  of  the  >dteled:rics  interposedibetween 
.them?  '  ! 
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ifchi3  dhe3tg4  ditxdedi  with  tber'au^«ppKratu6y  it  aqpp^rbd  tlMit 
>theilaoi<aq;^parpktiislt  m  ebiniiluiliQ»titg!fccfaaigeiiof':ll8^ybQly 
lostraM^hargelof  8&*.  <  .TfajblresubtigSr^JB  l-SV^asithe  capiniity 
•i€f(tfaetW'»ppairatita.' '  ■>  ..w  .  >  :  ■:  .'»•..•"-!  h  -.■'> 
>  i  Both' these  ]tealult&^  the  iiutfaor'bonsklersynBquit^  aooir^s- 
>tiooi;^'the  former*  being  ia^xocissy  thecla^tial'  iirdeftdt. :  'Ap- 
plying this  correction,  they  become  1*50  and  1-47.     From  a 
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i  and  mf]it^^,,^9^^^         >«  n^ 

J  &s  pfti;^g^|j[cjfl^u^ftYe.iufTnt5 » 
e?  j6r  penfpm  waie8,;P^fxtn>i- 

chang;e  p^d^p^ity  if  as  ipW^  to.  oocasiohliite  chaflge^lfllftil^te-  '''^^1 
ductiv^  c^p^fity^^  ,|Nayf.Yf?(^^oy.Dhaiig©lptoiido^  ^Aitier4y  ^  ' ' 
an  increase  of  temperature  or  by  a  variation  in  the  hygrome- 
tric  state. 

The  details  are  then  given  ;af  arv^y  •elttbbrate  series  of  ex- 
periments with  atmospheric  air,  oxygen,  hydrogen,  nitrogen, ^ 
muriatic  acid^<jaifl>oi!QiQ  £^p44i0^pl»«r6uSi«i3d,4iip&im<fed'6y*''^'  '^ 
drogen,  ana  other  gases,  und^it^en^with^a  view  of  comparing 
them  one  with  another  under  a  g 

Notwithist^fodgsq;  1 1^  ^tmidg  *  d  ',,-  > 

these^^dies  prefiteilt;i  o*  pf^^fei:^^  (  yjr^ 

cold,L»o*  thel  leait*  liiflteienc^^'  tl  ^.q 

mit  iljotfifcaiui|dtWt*o>^  iWbu^l  [o) 

Considering  the  poiit^fej^istblis^h^  I 

ductim  tain  pdae» l^y dxt'a(^^k>h  q^9 

is  thelQO^iis  Hiip(»rtatrt}i^TJd^^dds'  i^^i 

latior^i^biehJ^ldbnitog^bbdiei  ,.^,n 

In  ^nrfu^cp^)  tlb^'#<^h'6]^'r^Wdfk^  'that  ifHuctioA'>^ppe^;.no'> 
to  be-j#fisfantialtfi«th'va^ttbi*^rif  feijntiguous  partipleS^jihrojiiglft,  .u^r. 
the  ii|lffr«iodiatib»irf'Whteh'  tfte  ^fedtfic -  force  .origiiiatjtig  %  ,^u^^ 
appea«in^iat>ai cBrtawplluie^ ' ^is^flrcrpagatfed'to  brsv^sl^^otaJiolio'ri 
^nur*'-^  'I'll   i"*^    '^'"^^     ''  ^  '"'    ■'   •'')•"*■'    '       '        ■ 
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tU  ff 


A  j|^TO^^8^ii«^  pebrtvread^/entilUd^  ^  FbfirtH  TJ^ttfei*  oil  VoT- 
taic  K^^^oili^  iPsg.,      , 

/c>1oK'.rrrr'.  otr.f(F%biniAi7"'H  '1838.'  '-•  ''  '/..    : 

FR':^J|!fCI,slM^^  and  Treasurer;;  "'', 

T.firin.inio) 'iu  /•'"  /  inltfae«d(air^' "' '"  '""' 


it 
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Hqivid  MeotiDlytei^hfe>eQ]fataH3ledH^  app(uratttS4i[)ahi«g«M9near 
aat^ppiwimiailito^fb  poariUe^tilefiefOQnidiMQflii.  tlt><;09^ted 
of twqiicdiow  ftuos  peiiii8|p]u9ire6y;iipplibd iIq  >QaobA ol^ru^Jl 

tollac  of  IbptheiJ  iln  ithe>  leei^^  lof^tl^t  :ho^ow;)i$$b^f)  i  t^H8 
fbi*med>Jarly^U)«>f«i[i]^[adgainat^  jt^i^  W^Ui 

galvmiOYneteir^  asid  iitra» !  codtaioed  ini  t&meiaf)J)rfi^<^j  )t^ 
holding  the  acidsdiulion;  thoii^qlebeidgdiitPpdtoaditWi^ 
a  gbort  tube  in  the  top  cf  the 'Upper  hoiUflphMrewaqwiltjif^cirft^ 
maining  space  being  filled  with  a  saturated>ae)tttiDii(^ts^ll^^ 
of  copper.  The  gahanio  djrcttit  iwaffMeotopJeti^ 
eital>lishing  t^onnexions  batweem- either  Jbemiaph^e  ^pdvtibf 
other !  cup  of  th^  galTanometer*  Far  meacturiog'  tbf  ifptt^ 
4ev«k)^ed,«ombtiiae9  die  ordinffirjr  m«gitetic».bMftiUij  j^gF«t»t4r 
ftumbtr  of  iiislanoeE  the  cmloiififfi^gidTadoKQustari.Qf  D^tJ^j^is^ 
was  emploj«d;  thd  indiisutioofi  giv6U  by.  ,the«d(  ijifitTtlmttjil 
ir^i^e  Uoted^  6h  the  eompletion  of  tbe  cinmili  ia  "mnQU^imlys; 
and  the  dep^i^ittoniof  oa^esia  Ibeihfimiaf^ems  we^i€a^<fm^t)^ 
after  th^  appptratayhed  teem  itx  a^tioh  fdr  laioortfjiooHj^mbftr 

The-folloWkw  "arothe  bonctusions  ml^iofailbft  wtbos  ddiiw^ 
ftoiki  a'siri€J8»of  experime«tiSthuajCOndiiotedi()(it   j< n  ot  >«  <v 
'  ^  listr  SSieforcb^iiainUin^^firomtiie^a^ 
itedf  ov6]^irtB^f«r(J>^of  <ihe(iqq^  )iem^[)bir<^]ftoi9(i^bi^ 
tli^ri^  is  It  ^00^  oouduoting  ptssa^  jfWiM  ^dull^)o9i«LN  >,{}  i(, 

'M.  The  same  <amodiit  of  foixe  lisr  niaiiiteit^ 
hemisphere 'itidif£^eB%i;  but  wJieti  'both^ioosdttotjisg  )k^i- 
0pbets$^  Are  ih  itiettaUic]oommunioa4tQiit:4]if9i}^  (is  ^jf^imArm^p 

^fforOb.'  '  '*  >{•-.--.     ^    '      -1       .,1    v,;;l    /(   .f.i,/     ,/ti.    r-t.,     ,., 

ddi  Alt^ught^ei»Fceison»t<icieiiea9€iQ^  lityQH^^^ 
^^tfUy  o>m  the'TV'hoWjsplEere/-  .  ■:■. -.ij/t-v-j  mm, .'i  ^f  ■}•.'>.'. ■ 

4th.  When  on«'^  heifaiapheja  ia  coauftdted:  m%%k  ithe  ,wi^ 
oentre  by ai  sWt  wbe  capaUe  ^  affivrding  ^^td^tion/^t  tib^ 
l^rhok  fotcey^ild  tibe  other 'haiiispheretisi<6onr^^t)jbed  ]bj.a.i}pQg 
^k^^'ihr^i^gh^e^gokaiiometer^iirithiihe  ts«i^  o^mi^^^tbp 
^^aldiffiisioii  ofiti^fcrceiiy7elr>theirholo  sphe^je^iij^^QWiii^l^* 
'  '  '5th. ; Th«m' isi«)  OTcatet  atourattlaA  fcpppw 

about  tth^pcd^ti^ith'^hkh  tb^  eonouid^itig)^]^  l^s^^bFOUgttib 
ftitd  ^ibtita^fc,  aiid  tdKrards  idk^ch  the.ioroff  idiflfeiHp^,oMef iitfep 
Vh(^^^hef4ilniistii»bn1;F6igdy  1^ 

th!a*itlife^'fo«SB'Mtiit «diir^jfge>from< ithe  ceiitjtfe  fQwaUy  jt^Dngh 
Uifei  eletJtifolytji,' tod^sniidtily  haAre^drnvnitowarosithaieoBd^elr 
iiig  #iyei  ki  the  c^doei&ig  sphere  itstlC.  Ol^er  expe];il%m»t3 
i^h^yivted^tfaatnhe  fbnoe  a»  but^ighd^jtucrfliMied.jbjr  &;£%^ 
increase  of  the  generating  surface. 
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1^  $»l^ Vaittei^Qii  vd»  Kextt-dmc^d  to:  QSoeriaixiiQg 
ih^  iti^upe^  hi  tbe*  l&ii^  '.aocsadkgi  to  tulhich}  the  i  fooroe  ^emc^i^tat 
ftx)Mt&e  ziiicieenlr^  t^ii^he.^Biiaaxinpsidi  ecoaidlucjbukgkr^ttere^ 
With  tiii^  vidW>  H«^^ty  of  jeK^mfJraQitslwffl-Q:^3^^  tb^ 

titli^  id^di^rent^itmlsiin  ite  iatedoriiif  tkedjqdleta;:  atid 

wb^l^lb^cepi^rt^  samei^  ^FiioBfttheBe  xe8alt&  ^^  is  hifecred^ 
^tk  tii6  &Q^«»ianatiag  from  the  zioe  ball  idifiuses  iit8el£oter 
d^'sMifciantiHitg^iaonduedii^  fi^erb  ill  o^^  (the  welln 

ktik) wd  Mair  of  mllaint  fotcea  being  ?  in  t^  inverse  duplicate 
falid  bflfaedisfcJwa^e.  ' 

^  £fKpei*in^eiltg  of  tiieNiam^  ]cind  were  likewise  made  with  the 
{)iieviousooiiQf1biinatk]ki  inverted,  that  is,  with  a  small  ooppec 
bait  ibtHe  ii^terier  of  a  large  hollow  sphere  of  Hnc ;  und  froia 
th^^  the  Author  Qonchides  that,  in  this  ease  alao^  the,  }sm  aS 
ra^lition  ik  inaintained,  although  the  fbrce  is. reduced  to  Qxm 
hiaif  of  thati  obtained  from  the  &nier.  oombitsatkm^  // 

In  order  to  ascertain  thie  effect  of  cutting  off  the  lateral 
hi^iiatk^  from^e  tsino  boll,  it  was  pljiboed  in  a  g^s  tub&,  'ai:K 
inidhMlottg,  witbsn  half  an  inch  of  thd  iiOwer  apf^turc)^  ove^c 
which  a  piece  of  membrane  was  tied,  and  the  tube  pbimged 
btc^  <th^  ftolUtion  of  bopper^contidned  in  a  ^9tss  ^h^mi^^te, 
so  as  to  rest  upon  the  bottom.  '•  The  results  obtamed  by  thi9 
^m-aiii^em^Vdtt  also  tiiosetwheH  the  liua  ball  waa  iliised'  in 
^^  tube' to' the  sui^oce  oF  the  9olQtion^  showed  tibat  the^  action 
of  the  zinc  ball  had  been  prapa^a^ed  froni  the  iperture .  of  the 
gl^til})b,  lasflidinia'centre,  diverging  from  this  in  the  solution, 
t  'The  ^speriments  nest  de^crib^  appear  to  hO'Ve  an  imfMorf 
^e^t  bearing  <mii>  question  of  vital  interest  in  the  theor]^  9f 
electricity,  which  has  been  discussed  by  Mr.  Faraday>  in  a 
^pfftpertecently'tead  to  this  Society:  via. ,^  whether  the  forces 
emanatingfrom  a  centre  of  electric  action  act,  lik^e  other  central 
forced,  1h  straight  lines;  or  whether  they  are  propagated  from 
particle'to  particle  in  the  surromiding  matter,  %bd  ma(y>  caur 
fequently,  when  obstacles  interfere  with  tJ^eir  reetilinear 
props^ation,  tfx^t  their  influence  in  eurne^  lines,* :  Atx  elhpticQl 
fAnle  ^  copper,  on€i  side  of  whidi  was  oo^er^d  with  la^*  TJatnieh, 
wa&l  placed  m  mi  etirthen  ^ait,  with  the  vai^ished  aode  Up^axdsi 
and  c€4er<ftdi;o the  d^h'ofa  fcN^  ibchesrivith  tfche  mm  jPoIut 
tion  of'CGfi^t^.  'The  zme  ball,  placed  in  the  tobe,  haJ^ft^  inch 
|hom  ^e ^lapte^agmywas phm^d  Just  belowu th/^  8(^a^  9;f 
•the  soktkin,  d£nd  thecircuit  being  cq^ii^eAied^tbe  ge^vfaiiv^n^ir 
indieatdd  lin  action  "nearly  eqpd  toi  that  whiic^.had  be^Q  P^r 
vionsly  observed  when  both  sidqsqf  theitopper  had  h^^  f^r 
)^osed:  The  under  side  of  the  copper  presented  the  appeiftOiAeje 
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1^  to|ofaa4nebfiiB^witlth^  imadi^iie  tt^joAmABvm^iCQvem^ 
With  pi\eti!jfTtfLtedto(^kr^6^idBAeBj^  the 

boiider  gjrauqallyi  ipssa«I^>  and<)8^iBiilBar]a:6fiiliJ3)!iii^erei  jq^ 

henee  apt>eai9>'  that  4heiuiiW)isiirfdoe^/w)ttf^  Ij^ 

capable  df  sas^ainingfiufailkeiialll  iinthe  centrfiiivfMiQaoVltt^ 
an  action  nearly  a!s^reataiabefi|fRei:«u]}£Ei<g«^  n^iifmvdhimA 
mth  tthe  lattisr  adds  tnamcare^Uiaof  r  abattt><mfit'j^ighth( '  p^i^of 
iti  efficiency;  and  i^^reaJsr^  with  the  bppesiii^mmj  ih^jO^biQll 
varied  in  gome  iiiversearatio  of  thfidistoocb  ofr  tbetgm^mt^^ 
from  ibeconduictiiigsiurfEicct^  with  the  nQdh9f<stirli»jQa^tib^r^4#>ft 
maxiHmin  rpb)nt^  on  botdi  sides,  of  whi(^MHictej^r^s^^9i;rfftip4 
tbiB  pohvt  i^  doii^tliesdrdependent  on ;the!>  angle  Alb  jvhi4b^ftb§ 
foree  iKrhicb  radiateci  frdnoT  the  ^U  mee^a  4be;42dgfeirf  ;(l^>pi9iit(9l 
The  atttbo(r  Uaviu^  iheta  led  )to<  tke  ooncluiriikMi^tiiati  ^i^  j  fi^ce 
dervek^edbjr  vdtai«^coiiibinations  iS;  sik^^dt  iti)  ih^Akm.^)^ 
radiant  forces,  had  been:nitteriy/4t  i  lods  tJ).<tJivip5^t^^ljb^iQ 
upon  this  hypothesis,  it  could  extend  its  influence  to  the  side 
of  a  plate  opposite  to  that  to  vhiQh  it  was  directed  in  right 
lines ;  but  MvMi^tised^Ur]  firJdkf  s^^  tefeveiKhl  series  of 
experimental  researches  in .  Electricity,"  all  his  own  results 
appeared  to  fall  in  naturally  with  the  general  views  therein 
explairied.  'He  coniidere,  %hg^  fceJ^diyecJtlicW^Vrfvotfte'iteck 
through  an  el«jctrolyti^'may-bfe  ekprfesaki  ih^*hle^^v^^Vx1^ards 

employed p  Uif t5PW.?\*^v^?fi¥. ^9^ t^^^fe^fv^§«£V''^ 
force  in  staticle  electricity,  simply  substituting  the  term  jfcfcc- 
trolyte  for  Dielectric ,  and  the  term  Current  {qDlBidA^on. 

ExperiinentB'sKT&riU^r idesoribed,  int^wy^^jfibetJefioAd  of 
various  ooimbiniitiqiwof  dififerditit,  gieiuaMib^  aittl  4)todao|ing 
sttrfedes,  placed^atdiffeirent  dii^ncee^ppttjri^  wterefimeasui^ 
by  the  oalonfie  gUvanoiilet^r,  front  vihidi^bcstfiqlloiisiilgf'tiobr 
dusio^is  are  dmwn':  ■  '*  'i  •  ./  ^  /•  ;  -•>/'*■:  ^  (. I  yrn  lo'i 
'  Isl.  Tbit(^e«B«r^y  dftbefoveed»4bouti6exti^ 
absbrptiot  d^  tbe  hydfogeo^  at  tbel  ^bndnvting  sutfec^iif^xci^ 
in  Ihe  case  of  e(|u£U  ^atbs,  wbenitiis  :[norertltBt  qua^cwl^.^ 

2d.  Iliiit  the  effisbt  of  disiiubce  isi^db  ifik^serdecadediiixi 
the  inslanoeb  whevi  the)  Ji^opodkitlof  tt]ic:<oirotitotiB|pifoi^ 
gy^atfer,  than  ih  tb«  tumtnury)  catesv  /  ."  >  ii^f  iniLns  ^emBii 
;3<l;  ^Thai  tbie 'at^oun^l  bfi&vceipaitintb  birddya^G^itfrofiT^ 
M^^  sui^aee^f'iisicfto^ards^rpeBtcri  balltof[copf«ry)ib,(«Qr»ii 
feller  itistia^e^i  >of  idrnMai^t  icqmbinatidna^  «botiti  itoeu Jiatf^^ 
fb*tft-dttitbe4*e^erseanailgemelnt.  1' .w  ^'t  j  /  .iruiooij  lo 
'Atlk.  Tbati  ball  bf  oid^/ospesiiigiaisturfEibe^oiat J|4h  sqliate 
inches,  placed  dveir*  the  >  cf ^oatrd  o£  a;  ^late  f  qf >  roopf^  e^pomng 
on  its  two  i^tdtee'a»ur£Bu;eof  2^iBquaire£Bche^,!8ii9tain#»iifH^^ 
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d§^oidPi{gl^}a^ss^  9diidi  llkii^iikidm%i<»ifiiia)r  ninttusllj^.  ibo 
kr#diite$^^^4^  ,0g»ideijwbeprfnrer[lti»tma^dedlpouitinifty,^e 
l^k^^  bdtti^id^fecQtesimtb tlai£iliamBter)of 4llej9pbftr^.  /  Jul  «ii 

t^^bi«t^l^^)igct)y  the  liEMtion  ofa  poitLtMnpoa  ajpl^tejiMij  bft 
6<i]lksi&^tbd  tbe8l(^p9«aS'Upoa  mL>ii&dqfinitely;Uurgb  beiftisp|bei}i> 
t^^i^<id^#Mdva64b^tManti^  i 

d'>'^ipa^i^misiarateailni<  'pasi  'i^etulv^ueiilklejd4ii^A^Bx{)«Hittei3t.t^ 

nisi^di  ^v/ H7  {n-^^-'o-'j  M/ji  fit'//  ^l'f;fjjt(ur  ni  UrK.j  t..,.  .  .  ;r 
dia6ter^jo^/Aft.IteYfct*Ni)jJ. jQAf.L;^,i  i??:^e^ffr  q)^^^<f^<i^ 

lio  I^fiQ&^;^i(kerl}fMbaaary  liuihbfir)bfiilie[jALimftls^  Wibkh.I  got 
lptnl^>obitte$tko|iF(dnu»ry/ib^>|ioit^  diiriiig  th^ 

^ifis)a;l%b«na%€ittitig inafle  far tbe^ dollagcb  ill  wft9  lajaposaiUe 
for  me  to  send  you  a  description  of  tbe  engine^]  fear,  it  jis.  npt 
^t  ]6»&<lj»I^ wiffkv <^  Tbecfmm^  M  iMttbiab  iSMiLe^^  tbe  magnets 
4«96»r&6t»iddvg9m^Bij^.>  jThcf  eiigioe^^  iiiad^&ff  propelling 
a.U»ii|»a^#i<L  i^R^iesperimenil^/madbjwitk:!^  wa 

mtb^b«&i«inaita*  cbesiy.  on  a^didferbnlAndblettfit^cm^uOtion^ 
li^csaoluiex^iAhiiiertaiit^'thatij^^  fofe  tiifinMre^e^a  qf  tbo 
frame^  and  an  inaccuracy  ia  tteopiBrttmctiwkiaf  onepayt,  tb^ 
frtif^diiiqg^f^D^kricf  tbeengiiie^iMiiiMbdiequalfti^.tb^t  0f  a^or 
«^mi4iorMi9J' '  ButVid  'canseqixenbenaf  tbe- w0iiWe^,x)£  tb4 
frakio^ t;a  t^iob sdmeHofi tlrai'  hiagnets  are ifiied>j«Ad  the  w^ 
of  accuracy  in  tbe  constriiction^Iftm,a£md  th^  the  ^oiw0Y 
«£the^  ei^ihd  wSliioiJdimph  eau^eed  that  of  mA  hoxs^j  How- 
i^9cav  the  firanpf  may  be  st^Lmade  fittiHcieutly  Mitwgw  &nd  tb0 
iiMt;<m]»oy'tO'Wi^(4l>aUQdep(my^  ^     u  i 
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By  moving  with  tbd  liaikl.80B»eN  of^^e  ^dlactety-^ttegnQtlB'/. 
sparks  ase  ibbtamed.ftouirthe  wired  \fioilBtf.ioiosid<>tli<$m^^^e)r^n 
when  the  engine  is  no  way  connected  with  thevaMic^ttcKnir. 


1  am  at  present  engaged  in  a  series  tft  'fexjjperiments  <fn  th^ ' 
best  method  of  applving  dectro-magnetishi  to  rii!a6hln6tjr.  ' 
The  experiments  which  I  nave  already  made,  ^Jy^  mfe  isvet}^, ' 
reason  to  think  that  I  shall  be  able  to  (ittni^tracit  an  etljgin^i 
which,  with  a  battetr  Cdntaiiiing  less  thin  a  rf^a^^'^oot 'of 
zinc,  will  do  the  work  of  oiie  horse.     I  think  it  bettisi-  'n^  td^ 
send  you  an  account  of  these  exjperimentsnniil^  i^erl 
be  completed.  '  •     *  '  '..^   '  '" 


i 
i 
i 
ever  exhibited  in"l(l^ondon. 

J  have  thahonouj"  to  remain, 
'    ■•  -'   '^'  • '^'^  '^  DedrSir  A      u      V, 

Your  very  obedient  and  hmnt'ie^mM'^ ^ 

Maynooth  College,  .    f  -  .       ,.    .  .  n-^:\-^i\<sG  f**    f  ^ti^ 

February  20th,  1838. 
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Aimg,l^$  ffe  Cnemte,  Jivrtl^  1836. 

''f  Nih^J^^ir  die  ifiore  analogical  term  proposed  by  Dr.  Wood  iu 
B  U.  S.  Dispensatory — Ccnia. — ^Trans.         •  ^  ^  ^^      ^     v    ^^  vx  ^ 


the 


Digitized  by 


Google 


320  Miscellaneous  Articles. 

On  the  latent  heat  of  Carbonic  Jcid  Gas.  By  M.  Bischoff. 

In  decomposing  Carbonate  of  Lime  by  heat  in  a  gun  barrel, 
I  found  the  end  of  the  bairrel  at  144 J  Far.  while  the  current 
of  gas  indicated  only  83^  F.  If  we  suppose  the  temperature 
to  which  the  Carbonate  of  Lime  was  exposed  to  be  equal  to 
the  melting  point  of  gold,  or  about  2500"  or  2600'  F.  the  gas 
would  have  rendered  latent  2430  to  2500'  Far. 

When  chalk  is  decomposed  by  weak  sulphuric  acid,  the 
mixture  marks  122'  F.  and  the  gaseous  current  86'.  When 
the  acid  is  concentrated,  the  mixture  is  212'  F.  and  the  cur- 
rent 133'. 

Ann.  de  Pog.in  Ann.  des  Mines. 
G. 

Franklin  Journal. 


On  the  use  of  Ether  in  Analyses.    By  i^.  Dobereiner. 

If  to  a  solution  of  chloride  of  manganese  and  cobalt  in  alco- 
hol, fifteen  to  twe^ty  times  its  volume  of  ether  be  added^  all 
the  chloride  of  manganese  will  be  precipitated  and  the  liquid 
become  of  a  beautiful  blue.  In  adding  water,  the  chloride  of 
cobalt  is  precipitated  of  a  rose  colour ;  and  by  re-dissolving 
in  alcohol  and  employing  ether  again  we  may  separate  the 
whole  of  the  chloride  of  manganese. 

Ether  has  a  strong  tendency  to  form  a  special  combination 
with  twice  its  volume  of  alcohol,  and  this  tendency  may  fre- 
quently be  turned  to  profit  in  chepiical  analysis. 

An  alcoholic  solution  of  hydrate  of  potash,  which  contains 
•25  to  '30  of  water  is  entirely  decomposed  by  ether,  so  that 
the  potash  separates  in  the  state  of  an  aqueous  solution ;  but 
if  the  alcoholic  liquor  contains  no  water,  the  ether  does  not 
separate  the  potash,  and  the  separation  is  effected  only  by  ad- 
ding water  to  the  mixture. 

If  a  mixture  of  nitrate  of  lime  and  nitrate  of  strontian  be 
treated  with  alcohol,  and  that  independently  of  the  first  salt  a 
little  of  the  second  be  dissolved,  the  whole  of  the  latter  may  be 
precipitated  by  adding  ether  and  allowing  the  liquid  to  remain 
some  time  at  rest. 

Ann.  des  Ph.  in  Ann.  des  Mines  1836. 

G. 

Franklin  Jouimal. 
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.  'VUcrascoptc  View  of  a.  Female  conZat/tin^  iuv£pff.  TkeJkseoti'S  (^Specimen  ^ 
t/ime  tvhic/i  appear   in  M^F  O^a^^feJ   GoM^anic  £x£erCfrurhla'. 
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THE  ANNALS 

OF 

ELECTRICITY.    MAGNETISM. 
AND  CHEMISTRY; 

AND 

©uarftiati  of  fExperimetital  Science* 


MA  r,  1838. 


LIII.     Physical,  Chemical^  and  Physiological  Researches 
on  the  Torpedo.     By  M.  Charles  Matteucci. 

f  Continued  from  page  302.^ 

I  have  this  year  observed,  that  the  display  of  the  torpedo, 
when  two  or  three  of  these  organic  nerves  have  been  cut,  is 
limited  to  the  points  in  which  the  ramifications  of  the 
untouched  nerve  are  to  be  found.  When  care  is  taken  to 
wipe  the  skin  of  the  torpedo  perfectly  dry,  this  limitation  of 
the  discharge  may  be  very  well  perceived  with  the  galvano- 
meter. 

The  torpedo  may  live  for  a  long  time,  even  after  the'nerves 
of  the  organ  have  been  cut.  For  example,  I  cut  three  nerves 
of  the  right  organ  of  a  very  small  and  lively  torpedo:  after 
the  operation,  the  skin  was  reunited  and  sewed;  and  the  fish, 
tied  by  the  tail,  placed  in  the  Cesanatican  canal,  on  the  27th. 
July,  at  3,  P.  M.  and  died  on  the  evening  of  the  28th,  after 
having  lived  about  30  hours.  The  change  caused  to  the 
substance  of  the  organ  was  great  in  the  part  where  the  three 
cut  nerves  ramified;  it  was  so  minced  and  consumed  in  that 
part,  that  it  was  impossible  to  recognise  it ;  the  substance  of 
the  nervous  trunks  had  become  pulpated;  the  remainder  of 
the  organ  was  untouched. 

It  is  not  necessary  to  cut  the  nerves  to  destroy  the  electric 
discharge ;  tying  them  is  quite  sufficient,  which  with  a  little 
practice  may  be  done  very  easily.  The  same  phenomenon 
experienced  by  cutting  the  nerves  will  take  place  if  they  only 
be  tied. 

When  the  nerves  have  been  cut,  and  thus  all  the  electric 
function  destroyed,  if  we  draw  with  a  tweezer  one  of  these 
nervous  trunks,  which  are  attached  to  the  organ,  we  still  ob- 

VoL.  II.— Ab.  11,  May,  1838.  Y 
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tain  some  electric  discharges.  It  is  necessary,  in  order  to 
insure  the  success  of  this  experiment,  to  have  a  very  lively 
torpedo;  in  this  case  the  phenomenon  never  fails  to  take 
place. 

By  moistening,  with  a  very  concentrated  solution  of  potassa 
the  nervous  trunks  of  the  uncovered  organ,  the  discharge 
disappears  apparently  without  the  nervous  substance  being 
altered. 

3d.  Finally,  the  brain.  With  the  blade  of  a  razor  a  little 
sharpened  the  brain  of  the  torpedo  is  soon  discovered.  If 
the  animal  be  still  living,  the  following  may  be  observed : 
every  time  we  touch  with  a  pen,  a  tweezer,  a  glass  tube,  &c., 
the  brain  of  the  torpedo,  the  electric  discharge  takes  place ; 
we  have  no  difficulty  in  perceiving  which  are  the  real  points 
of  that  organ,  whose  irritation  produces  the  discharge.  It  is 
better  for  this  study  that  the  torp^io  be  a  little  enfeebled. 
The  first  lobes  (cerebral)  may  be  irritated,  cut,  or  entirely 
destroyed,  without  the  discharge  ceasing  to  take  place.  The 
lobes  which  follow  the  first,  when  touched  or  hurt,  undergo 
strong  muscular  contractions,  and,  sometimes,  if  the  animal  be 
very  lively,  even  electrical  discharges ;  however  tliey  may  be 
cut  without  preventing  the  discharge.  The  third  lobe  may 
be  irritated,  hurt,  or  entirely  removed,  without  contraction, 
and  without  even  then  stopping  the  electric  discharge. 

The  last  lobe  of  the  brain,  which  I  look  upon  as  a  swelling 
of  the  elongated  marrow,  from  whence  the  nerves  which  go  to 
the  organ  proceed,  is  the  only  part  of  the  brain  that  cannot  be 
touched  without  having  verv  powerful  electric  discharges. 
This  being  destroyed,  all  electrical  discharges  cease,  even 
though  the  rest  of  the  brain  be  left  untouched.  On  another 
torpedo  I  cut  the  elongated  marrow,  at  the  point  whence  it 
issues  from  the  brain,  that  is  to  say,  after  it  has  given  th^. 
nerves  to  the  organs.  Violent  discharges  and  muscular  con- 
tractions take  place  when  this  operation  is  made,  but  the  elec- 
tric discharge  still  continues  when  we  touch  the  last  lobe^ 
which  I  shall  henceforth  call  the  electrical  lobe.  The  elec- 
tric discharge  maintains  a  great  force,  even  when  we  have  cut 
a  large  nervous  bundle  formed  by  the  first  perves  of  thp  spinal 
marrow,  and  which,  divided  into  two  branches,  surround  Ae 
organ,  passing  above  and  below  the  cartilagenous  arc. 

The  organs  of  the  electric  function  are  thus  reduced  to  the 
last  lobe  of  the  brain,  its  nerves,  and  this  organ.  The  action, 
of  this  last  lobe  on  the  electric  function  is  direct.  Hence  ^t, 
is  that  if  we  touch  the  right  side  of  the  electric  lobe,  it  is  the 
right  organ  that  gives  the  discharge,  and  vice  versd  if  we  touch 
the  left  side. 
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I  now  pass  on  to  the  experiments  I  made  on  a  dead  torpedo. 
I  call  the  torpedo  dead  when  its  gills  no  longei*  move,  and 
when  irritated,  wounded,  and  compressed,  exteriorly  and  in- 
teriorly, except  certain  points  of  the  brain,  it  no  longer  gives 
electrical  discharges.  I  shall  remark,  in  this  place,  that  the 
torpedo  is  not  quite  dead,  at  least  according  to  the  preceding 
definition,  even  when  its  large  blood  vessels  are  cut,  and  the 
circulation  thus  destroyed ;  in  the  latter  case  we  still  obtain 
some  electrical  discharges  by  irritating  the  animal.  Let  us 
take  a  dead  torpedo,  as  I  have  called  it,  and  expose  the  brain. 
The  first  experiment  that  I  shall  relate  has  been  known  since 
my  work  of  last  year.  If  we  touch  the  electrical  lobe,  the 
discharges  appear,  and  much  stronger  than  those  the  animal 
gives  while  living ;  the  other  parts  of  the  brain,  though  irri- 
tated, give  no  discharge.  The  action  of  the  electrical  lobe  i* 
direei,  and  the  current  of  the  discharge  is  driven  as  usual, 
from  the  back  to  the  belly.  A  certain  time  having  elapsed, 
I  caused  the  discharges  to  cease,  simply  by  touting  the 
electrical  lobe,  but  the  discharges  reappear  if  this  lobe  be  hurt. 
What  is  still  more  extraordinary,  is,  that  the  discharges  I 
obtained  by  injuring  the  electrical  tebe  are  mdiffererttiyi 
driven  from  the  back  to  the  belly  or  from  the  belly  to  the  bade. 
I  have  observed  several,  one  after  the  other,  directed  m  tfcis 
latter  way.  I  have  also  observed  these  facts  this  year  on  a 
great  number  of  torpedoes.  The  diseharges  I  ol»tain  by  the 
in]ury  of  the  electrical  lobe  are  only  fear  or  five  in  number ; 
after  that  all  electrical  phenomena  is  for  ever  destroyed.  I 
am  therefore  right  in  concludii^g  that  the  direction  of  the^ 
discharge  of  the  torpedo  depends-  on  the  brain. 

There  now  remains  for  me  to  explain  what  is  the  action  of 
the  af^lied  electric  current  on  the  brain  and  on  the  nerves* 
of  th^  organ  of  the  torpedo.  It  is  thi&  part  that  Hook  upon 
as  the  most  important  of  these  researches.  The  pile  that 
I  employed  was  a  column,  of  which  the  tmc  and  coj^r 
pairs  had  a  surfeee  of  4  centimetres.  The  liquid  of  the  pile 
was  sea  water  and  1  *  10th  nitro-sulphurie  acid.  I  have  always- 
employed  a  pile  of  twenty  pairs. 

I  exposed  the  brain  of  a  large  torpedo,  which,  although  evtr 
feebled,  was  still  living.  I  introduced  the  negative  r^ophoore 
of  platinum  in  the  organ,  on  the  dorsal  side,  and  near  the  ex- 
terior edge.  The  torpedo  was  cohered  with  prepared  frogs, 
and  two  galvanometers  were  placed  as  usual  on  the  two  organs. 
I  commenced  by  lightly  touching  with  a  tweezer  the  electrical 
lobe.  I  obtained  several  discharges,  but  iu  a  few  second* 
they  ceased,  even  by  touching  it.  Then  I  placed  the  positive 
reophore  on  the  right  side  of  the  eleelrieal  lobe,  that  iis  to 
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say,  the  same  side  as  the  negative  reophore ;  immediately 
there  was  a  discharge  from  the  organ.  I  think  it  important 
to  assure  the  reader  that  this  discharge,  demonstrated  by  the 
convulsions  of  the  frogs  and  by  the  galvanometer,  is  not  due 
to  a  portion  of  the  current  of  the  pile,  which  traverses  the 
frogs  and  the  galvanometer.  In  fact,  I  acquired  by  other  ex- 
periments the  certainty  that  the  same  current  which  is  made 
to  traverse  other  parts  of  the  body  of  the  torpedo,  besides  the 
organ,  and  under  the  same  conditions,  gives  no  signs  either 
to  the  frogs  or  to  the  galvanometer.  I  cut  a  torpedo  in  the 
middle  of  its  body,  so  that  no  part  of  the  electric  organs  re- 
mained attached  to  the  lower  side.  The  galvanometer  and 
the  prepared  frogs  were  placed  on  this  latter  part  of  the  body 
of  the  torpedo,  the  current  of  the  same  pile  passed  from  the 
spinal  marrow  to  the  muscles  of  the  tail,  without  exciting  any 
contraction  in  the  frogs,  or  giving  any  sign  to  the  galvano- 
meter. This  half  of  the  torpedo  was,  on  the  contrary,  violently 
agitated  at  every  passage  of  the  current.  I  shall  now  return 
to  the  first  experiment.  If,  instead  of  touching  the  right  side 
of  the  electrical  lobe  with  the  positive  pole,  we  touch  the  left, 
it  is  the  left  organ  which  is  discharged,  and  hence  a  new  proof 
that  these  discharges  are  in  reality  from  the  torpedo.  The 
frogs  and  galvanometer  of  the  left  organ  are  not  even  included 
in  the  circuit  of  the  pile.  If  the  positive  reophore  touch  the 
whole  of  the  electrical  lobe,  the  two  organs  are  discharged  at 
once.  We  will  now  change  the  direction  of  the  current,  that 
is  to  say,  let  the  positive  pole  be  placed  in  the  organ,  and  the 
negative  touch  the  electrical  lobe ;  we  then  have  strong  mus- 
cular contractions  and  no  discharge  of  the  organs ;  the  gal- 
vanometer and  the  frogs  do  not  move,  which  is  another  proof 
that  the  discharges  obtained  above,  are  really  belonging  to 
the  torpedo.  I  again  renewed  the  direct  action  of  the  electric 
current,  and  although  the  animal  was  much  enfeebled,  the 
same  phenomena  were  reproduced,  viz.  there  was  a  discharge 
of  the  organ  at  every  passage  of  the  electric  current.  We 
must  particularly  observe  that  when  the  torpedo  is  endowed 
with  a  great  vitality,  the  discharges  are  also  observed  for  a 
certain  time,  when  the  current  is  inverse,  that  is  to  say,  that 
it  goes  from  the  organ  to  the  brain. 

I  wished  to  consider  also  what  was  the  effect  of  tying  the 
nerves  of  the  organ.  In  this  experiment  I  tied  the  four  nerves 
of  the  right  organ  of  a  large  and  very  lively  torpedo.  I  ex- 
posed the  brain  and  repeated  the  preceding  experiment.  When 
the  current  passed  directly,  there  was  no  discharge  of  the 
organ ;  when  in  an  inverse  direction  I  observed  only  very  slight 
Qpn tractions,  and  hence  even  another  proof  of  the  real  nature. 
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of  the  discharges  of  which  I  have  spoken.  I  repeated  these 
experiments  on  fifteen  individuals,  always  with  the  same 
result,  leaving  the  nerves  untouched,  sometimes  cutting  or 
tying  them,  and  always  taking  care  to  commence  the  passage 
of  the  current,  after  being  certain  that  the  contact  of  the  pla- 
tina  reophore,  except  it  were  attached  to  the  pile,  submitted 
to  no  discharge  of  the  organ.  It  is  proper  to  observe,  that 
these  discharges  produced  by  the  current,  have  not  the  force 
of  those  the  animal  gives  while  living ;  but  they  certainly  do 
not  differ  from  the  last  discharges  we  obtain  from  the  dead 
torpedo,  by  lightly  touching  its  electrical  lobe.  The  devia- 
tions of  the  galvanometer  are  in  this  case  as  in  the  other,  from 
five  to  six  degrees ;  but  they  are  Sufficient  to  show  clearly  the 
deviation  in  its  ordinary  direction,  viz.,  from  the  back  to  the 
belly.  I  shall  also  observe  that  we  never  have  the  indication 
of  the  discharge  of  the  organ,  by  touching  with  the  positive 
pole  the  muscles,  skin,  liquid  of  the  brain,  &c.,  all  points 
which  do  not  differ  from  the  electrical  lobe  by  their  position 
and  conductibility,  which  is  a  still  further  proof  of  the  real 
nature  of  the  preceding  discharges. 

The  action  of  the  electric  current  on  the  nerves  of  the  organ 
is  also  important,  and  ought  to  be  described  with  the  greatest 
care.  I  separated  one  of  the  organs  of  a  torpedo  which  was 
still  living;  it  was  a  very  large  female  torpedo,  the  largest  of 
the  116  that  I  had ;  it  weighed  6  pounds  (3  kil).  The  organ 
was  separated  without  detaching  the  skin;  I  only  cut  the  nerves 
and  gills,  cutting  circularly  all  the  parts  which  surround  the 
organ  at  the  side  of  the  head.  There  thus  remained  the  organ 
with  its  four  nerves,  which,  was  a  little  drawn  out,  to  about 
2  or  3  centimetres ;  all  of  which  were  placed  on  a  plate  of 
glass.  Then  after  having  placed  the  galvanometer  and  the 
frogs  on  the  organ  as  usual,  I  introduced  the  negative  reophore 
into  the  substance  of  the  organ,  near  the  exterior  edge, 
and  with  the  positive  reophore  touched  one  of  the  four  nerves 
which  were  extended  on  the  glass  plate.  There  was  imme- 
diately a  deviation  of  four  degrees  in  the  galvanometer  in  the 
ordinary  direction  of  the  current  of  the  torpedo,  and  strong 
contractions  in  the  frogs ;  by  touching  the  other  nerves  the 
same  phenomena  took  place.  I  touched  the  substance  of  the 
organ  which  is  between  the  nerves,  and  that  in  several  points, 
such  as  the  skin  or  several  attached  muscles,  but  no  phenom- 
enon resulted.  I  reimited  the  four  nerves  on  a  platina  plate^ 
and  it  was  by  touching  this  plate  that  the  preceding  phenom- 
ena indicating  the  discharge  of  the  organ,  were  reproduced 
with  the  greatest  intensity.  I  also  cut  the  ramification  of 
one  of  the  nerves,  with  the  substance  in  the  interior  of  the 
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organ,  leaving  the  exterior  nervous  trunk  untouched ;  if  this 
trunk  be  touched  by  the  positive  pole,  the  indications  of  the 
discharge  fail.  I  tied  the  nerves,  and  the  discharges  failed 
also  when  the  current  passed.  Repeating  these  experiments 
several  times,  and  on  several  individuals,  I  sometimes  saw  the 
phenomenon  of  the  discharges,  when  touching  the  substance 
of  the  organ  with  the  positive  pole :  but  a  slight  attention 
showed  me,  each  time,  that  the  pole  was  in<;ontact  with  some 
of  the  nervous  threads  spreading  over  the  organ.  Thedifference 
between  the  action  of  the  electric  current  on  the  nerves  alone, 
and  its  action  on  the  brain  connected  by  the  nerves  to  the 
organ,  ought  to  be  remarked ;  we  have  seen  that  in  the  second 
case  the  inverse  current  produced  no  discharge.  The  con- 
trary happens  when  the  nerves  and  the  substance  of  the  cnrgan 
alone  are  trav^sed  by  the  electric  current.  There  is  a  ^s- 
charge  of  the  organ  when  the  current  goes  from  the  nerves  to 
the  organ,  and  also  «  discharge  when  &e  direction  of  t^e  cur*- 
rent  is  contrary.  The  galvanometer  always  deviates  in  the 
same  direction,  and  this  proves  still  better  that  it  is  the 
discharge  belonging  to  the  torpedo  which  produces  it.  If  the 
torpedoes  had  been  dead  for  some  little  time^  the  action  of 
the  electric  current  that  we  have  described,  on  the  nerves 
and  the  organ,  and  on  the  brain  connected  with  the  organ^ 
would  be  entirely  destroyed,  and  it  is  vain  to  ta-y  to  reproduce 
it  by  a  greater  number  of  pairs.  This  result,  happening  after 
a  certain  time,  and  depending  on  the  degree  of  vitality  of  the 
animal,  and  the  variable  treatment  to  which  it  is  submittedi, 
jnay,  if  necessary,  serve  also  to  prove  the  exactness  c^  ray 
assertion. 

I  thought  it  alsoimportant  to  deternaine  the  ccmducting  pow^ 
far  the  electricity  of  the  nervous  substance  and  of  that  of.  the 
orgui.  I  have  done  that  with  the  exactness  that  it  is  possible 
to^fiect  in  this  kind  of  experiment*  I  employed  a  double  gaJU 
vanoraeter,  and  made  the  two  currents  pass  by  a  ^trip  of  4he 
jMibstance^f  the  organ,  and  by  five  or  six  nervous  trnaks  of 
ihe  reunited  torpedo.  I  used  a  pile  of  20  pairs.  The  conduc- 
tibility  seemed  to  me  always  stronger  for  the  subsitance  of  the 
organ,  and  that  seems  to  me  very  easy  to  conceive. 

Condimons. 

When  !we  Deflect,  Ist,  on  the  fiiets  tha<t  have  al]:)ead|r  ibeea 
isstablished  in  our  first  work  (Hi  the  torpedo,  viz.  that  no  irmk 
of  electricity  is  foui3kd  in  the  organ,  except  when  ilt  discharges 
itself.  2d.  that  we  may  destroy  the  d^in,  nanscies,  cartilage*- 
nom  arc  which  auiraroRjunds  ^  «)rgan,  and  a  grea^:  pari  even  of 
|;bf  subiitanfi^  of  the  oi)gw,  witj^oyt  the icUsfihai;ge  eemns^m 
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even  being  enfeebled.  3d.  that  narcotic  poisons  give  strong 
electrical  discharges.  4th.  that  irritation  of  the  electrical 
lobe  of  the  brain,  after  death,  gives  very  strong  electrical  dis- 
cbarges. 5th.  that  by  drawing  and  compressing  the  herves 
only,  we  have  a  discharge.  6th.  that  strong  muscular  con* 
tractions  are  observed  in  the  parts  which  surround  the  organ, 
with  the  discharge  taking  place.  7th.  that  injuring  the  elec* 
trical  lobe  of  the  brain  causes  discharges  whose  direction  is 
no  longer  constant  from  the  back  to  the  belly,  but  sometimes 
go  from  the  belly  to  the  back.  8th.  finally,  from  the  last 
fiicts  that  I  have  related  on  the  action  of  the  electric  current, 
it  is  impossible  not  to  draw  the  following  conclusions: 

1st.  The  element  necessary  for  the  electrical  discharge  of 
the  torpedo^  and  for  the  direction  of  this  discharge  is  produced 
by  the  last  lobe  of  the  brain,  and  transmitted  by  the  nerves  in 
the  substance  of  the  organ. 

2d.  Whence  results,  that  it  is  not  in  and  by  the  organ 
that  this  element  is  prepared. 

3d.  An  electric  current,  directed  from  the  brain  to  the 
organ  by  the  nerves,  causes  the  discharge  as  well  as  this  ele* 
ment  would  do  it,  which  I  think  may  be  regarded  as  electric 
finid. 

4th.  Since  the  electric  discharges  of  the  torpedo,  even 
under  the  influence  of  the  electric  current,  cease  when  the 
nerves  are  tied>  we  must  admit  that  this  element,  which  I  look 
upon  as  analagotts  to  the  electric  current,  and  like  the  electric 
current  itself,  requires  to  give  it  effect,  a  molecular  disposition 
in  the  nerves,  the  destruction  of  which  causes  the  cessation 
of  the  function.* 


*  M.  Becquerel's  hypothesis  for  explaining  the  muscular  contrac- 
tions seems  to  me  to  enter  into  the  explanation  that  I  had  previously 
given  of  the  shock  which  the  fro^s  experience  when  tne  inverse 
current  ceases  to  traverse  them.  These  phenomena  may  be  thus 
understood  s  the  dirfct  current  displaces  the  nervous  globules  in  the 
direction  of  the  current,  and  in  this  cas^  we  have  a  contraction. 
When  the  current  ceases,  the  globules  return  to  their  place,  but  the 
motion  does  not  occasion  any  contraction  :  on  the  contrary,  it  cor* 
responds  to  what  we  call  sensation.  It  is  now  clear  that  when  the 
current  is  inverse^  we  have  no  contraction  by  its  introduction,  because 
the  displacement  of  the  globules,  which  always  happens  in  the  di- 
rection of  the  current,  is  m  this  case  the  same  which  is  produced  by 
the  direct  current,  which  ceases  to  pass.  Hence  we  see,  that  when 
tlie  inverse  current  ceases,  the  globules  in  returning  to  their  place, 
have  the  same  motion  as  the  same  globules  when  disturbed  by  the 
direct  current ;  we  then  have^  as  in  this  case|  a  contraction. 
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CHAPTER  V. 

On  the  Electricity  of  the  Torpedo,  and  all  animals  generally. 

I  think  the  fiinction  of  the  torpedo  is  now  better  known. 
It  is  an  animal  having  a  special  organization,  by  means  of 
which  the  electric  current  may  be  modified,  so  as  to  be  changed 
by  the  charge  of  a  battery  or  pile.  We  are  ignorant  of  what 
the  organization  necessary  to  produce  this  effect  is.  Un- 
doubtedly the  apparatus  for  the  condensation  of  the  electric 
fluid,  which  exists  in  the  organ  of  the  torpedo,  is  not  like 
those  with  which  we  are  acquainted.  Here  remains  a  great 
discovery  to  be  made  for  philosophy,  and  which  may  even  be 
made  without  this  fish.  Two  conditions  are  necessary  for 
this  organic  function;  Ist^  that  the  albuminous  substance, 
which  composes  a  great  part  ot  it,  be  not  coagulated,  although 
this  coagulation  may  take  place  without  destroying  the  electric 
conductibility  of  this  substance:  2d,  that  the  nerves  which 
enter  into  the  organ  have  their  perfect  organization.  If  the 
nerves  be  tied,  the  electric  current  passes  equally;  but  there 
is  no  discharge.  Hence,  we  have  another  fiinction  in  the 
nerves,  besides  that  of  transporting  the  electric  current ;  and 
this  other  function  requires  that  perfect  normal  organization, 
which  we  have  yet  to  discover. 

Having  thus  decided  the  electric  function  of  the  torpedo, 
there  now  remains  only  to  resolve  a  problem  of  general 
physiology.  Is  the  electricity  prepared  in  the  animals?  Are 
the  brain  and  the  nerves  more  fit  than  other  parts  of  the 
animals  to  prepare  and  conduct  this  electric  fluid  ?  If  it  be 
so,  what  is  the  physico-chemical  action,  to  which  we  may 
compare  this  production  of  electricity  in  the  animals  ? 

We  are  indebted  to  Galvani  for  a  great  feet:  viz.,  the 
thighs  of  a  recently  prepared  frog,  bent  on. the  sciatic  nerve, 
contract  as  if  by  the  effect  of  the  passage  of  an  electric  current. 
It  has  been  wished  in  these  latter  times  to  perceive  in  this 
fact  a  case  of  electricity  developed  by  the  chemical  action  of 
different  animal  liquids,  or  even  a  thermo-electric  current.  A 
repetition  of  this  experiment,  after  having  washed  the  pre- 
pared frog  three  or  four  times  in  distilled  water,  is  suflScient 
to  cause  the  explanation  to  be  rejected.  The  contractions, 
although  more  feeble,  still  take  place  when  the  nerve  and 
muscles  are  placed  in  contact.  The  celebrated  Humboldt 
observed  these  contractions,  when  the  nerves  and  muscles 
were  placed  in  contact  by  a  piece  of  muscular  substance. 
Some  experiments  of  this  kind  may  be  found  described  in 
Aidini's  treatise  on  galvanism.  When  we  touch  with  the 
spinal  marrow  of  a  prepared  fi-og,  any  part  of  the  brain,  mus- 
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cles,  or  opened  bowels  of  an  animal,  either  still  living  or  just 
killed,  we  always  observe  strong  contractions  in  the  frog. 
M.  Nobili,  with  his  very  sensible  galvanometer,  has  obtained 
by  the  actual  current  of  a  frog,  a  tolerably  good  deviation; 
and  certainly  the  different  parts  of  a  frog,  that  has  been  a 
longtime  dead,  and  moistened  in  saline  acid  solutions^  and  alka- 
lies, at  difierent  degrees  of  temperature,  never  give  so  sensible 
and  strong  a  current  as  that  of  the  frog.  I  have  frequently 
seen  my  galvanometer,  which  is  rather  sensible,  indicate  the 
current  of  the  frog ;  but  it  has  never  happened  with  the  above 
mentioned  solutions. 

I  tried  to  reproduce  these  same  experiments  on  the  torpedo. 
Every  time  a  recently  prepared  frog  touched,  with  its  nerves, 
the  brain  of  the  torpedo,  it  was  strongly  contracted,  and  these 
contractions  were  still  stronger  when  a  drop  of  blood  was 
poured  on  the  points  touched.  I  have  even  seen  constantly 
the  real  contractions  of  the  frog,  revive  powerfully  by  the 
effect  of  a  drop  of  fresh  blood  of  the  same  animal,  poured 
among  the  muscles  and  nerves  in  contact.  I  have  varied  arid 
repeated,  in  all  ways,  these  experiments,  and  I  have  been  led 
to  conclude  that,  every  time  blood,  or  liquid,  whether  organized 
in  muscular  substance,  touch  the  nervous  substance  organized 
in  the  nerves,  in  the  elongated  marrow,  or  in  the  brain,  there 
is  a  production  of  an  electric  current.  This  current  remains 
a  certain  time  after  death,  requiring  for  its  production  a  certain 
degree  of  vitality,  and  is  constantly  directed  from  the  sanguine 
or  muscular  molecule  to  the  nervous.  The  fine  observation 
of  M.  Donn^,  on  the  electric  currents  that  he  has  discovered 
among  the  organs  of  secretion,  will  terminate  by  entering  into 
the  phenomena  above  mentioned.  Although  the  facts  that 
I  have  related,  may  suffice  to  demonstrate,  that  the  origin  of 
this  current  is  neither  thermo-diectrical  nor  electro- chemical, 
I  have  always  conceived  that  a  deeper  study  of  the  nctual 
current  of  the  frog,  would  perhaps  be  of  some  importance. 

I  first  discovered  that  we  could  very  well  observe  the  actual 
current  in  the  living  frog.  Cutting  longitudinally  the  skin  of 
its  sides,  and  drawing  out  one  of  its  spinal  nerves,  with  a  tweezer 
or  wooden  point.  Raising  the  skin  of  the  thighs,  and  placing 
the  thigh  on  this  nerve,  contractions  are  exhibited  at  each 
contact.  The  thighs  may  be  perceived  without  raising  the 
skin,  and  by  this  means  the  animal  is  preserved  for  some  time. 
This  experiment,  like  that  of  Galvani,  does  not  succeed  on 
all  frogs.  I  wished  to  consider  the  action  of  heat  on  this  peculiar 
current,  which  action  is  very  important.  As  soon  as  a  piece 
of  ice  has  covered  a  frog,  four  or  five  minutes,  this  peculiar 
current  is  destroyed,  the  animal  being  still  living.  Refreshing  tbe 
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frog  again^  by  blowing  oxygen  into  its  lungs,  I  have  sometimes 
sacceeded  in  strongly  exciting  the  animal^  and  then  the  peculiar 
current  has  reappeared.  In  most  cases,  however^  when  the 
action  of  the  cold  is  ^olonged^  the  animal  lives^  but  the 
peculiar  current  fails.  This  analogy^  or  rather  this  identity, 
of  the  action  of  heat  on  the  electric  function  of  the  tcnrpedo, 
and  the  peculiar  current  of  the  frog,  seems  to  me  ademonstXB* 
tion  of  the  existence  of  force  common  to  these  two  phe« 
nomena.  The  first  fact  that  I  remarked,  in  observing  this 
peculiar  current  on  the  living  animal,  was  that  it  is  mor« 
feeble  than  the  current  we  have  after  its  death,  and  however 
lively  the  frog  may  be,  it  becomes  weaker  after  a  certain  time, 
and  terminates  by  its  final  disappearance. 

We  must  wait  until  this  current  has  disappeared  by  itself, 
to  witness  the  production  of  a  very  singular  phenomenon.  Let 
the  frog  be  then  cut  and  |»repared  after  the  manner  of  Galvani : 
a  violent  contraction  will  be  seen  by  putting  the  thigh  and 
nerves  in  contact  nearly  in  the  same  point  as  it  was  made, 
the  animal  being  still  living.  I  then  observed  that  if  we  wait 
a  certain  time,  we  see  these  contractions  also  disappear;  but 
theymaybereproducedby  cutting  the  spinal  nerves  at  their 
origin,  or  where  they  issue  from  the  spinal  marrow,  and  touch- 
ing them  again  with  the  thigh. 

These  facts  have  no  connexion  with  the  physiological  law 
established  by  Ritter  in  his  time,  vis.,  that  the  sensibility 
of  the  nerves,  continues  diminishing  from  its  origin  to  their 
ramifications.  In  my  mode  of  operating,  they  are  the  same 
points  of  the  nerves  and  muscles  which  are  touched.  The 
following  is  the  fiact  that  may  be  deduced  from  the  law  of 
Ritter;  when  the  spinal  nerve  ceases  to  give  peculiar  currents, 
let  its  prolongation  which  is  hidden  in  the  muscles  of  the 
thigh  be  discovered;  if  the  muscles  be  touched  with  this  part, 
we  shall  again  have  violent  contractions.  This  case  differs 
from  that  of  Ritter,  the  peculiar  current  being  the  cause  of 
the  contraction. 

I  now  return  to  the  distinct  characters  which  distinguidi 
the  peculiar  current  of  the  frog,  from  a  thermo^electrical  or 
electro-chemical  current.  In  the  first  place,  the  direction  of 
the  current  is  quite  opposite  to  what  it  would  have  been,  if  it 
had  a  chemical  origin,  or,  at  least,  we  must  have  supposed 
the  muscles  charged  with  alkali,  and  the  nerves  with  acid, 
which  is  contrary  to  all  we  know  of  their  chemical  compositi<m. 
I  'discovered  afterwards  two  extremely  decided  differences. 
I  compared  the  peculiar  current  of  the  frog,  with  a  current 
developed  by  the  contact  of  a  solution  of  nitric  acid,  and  one  of 
pot<ksh«    Whei^  I  had  proved  the  existence  of  the  contraction^ 
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by  f^ieing  the  muscles  and  nerves  in  contact,  and  causing 
the  current  of  electro-chemical  origin  to  pass,  I  tied  the 
spinal  or  crural  nerve  with  a  thread  in  the  middle  of  its  length ; 
I  then  rebent  the  thigh  above  the  ligature;  there  was  no 
longer  any  contraction.  I  touched  it  beneath,  and  it  remaioed 
as  before.  I  then  caused  the  electro-chemical  current  to  pass, 
and  found  that  a  contraction  was  excited,  whether  it  passed 
above  or  below  the  ligature.  Another  difference  which  is  not 
less  decisive  is,  that«  whilst  the  peculiar  current  is  prolonged^ 
even  for  half  an  hour,  the  electric  current  on  the  contrary, 
produced  by  the  two  acidand  alkaline  solutions  (nearly  1-40UI 
acid  and  alkali)  no  longer  excites  contractions. 

I  «}iaU  add  finally,  that  binding  the  nerve  in  no  way  des- 
troys its  conductibility.  In  fact,  1  have  made  the  current  of 
a  single  pair  pass  by  die  two  spinal  oiervous  threads  of  a  frog 
a^d  by  a  galvanometer  in  the  same  time.  I  waited,  to  tie  the 
nerve,  until  the  needle  was  fixed;  at  the  moment  of  the  opera- 
tion, I  observed  a  slight  movement  in  it,  which  is  sometimes 
more  and  sometimes  less,  after  which  it  stops  as  before.  Hence 
this  motion  is  not  due  to  a  diminution  of  conductibility  in  the 
nerve,  produced  by  the  ligature,  nor  to  a  greater  intensity  of 
the  current  caused  by  the  chemical  action  of  the  two  solutions ; 
aince  this  latter  current  ceases  to  cause  the  frog  to  contract, 
befom  the  peculiar  current.  Hie  fcdlowing  is  what  may  be 
concluded  from  these  researches  on  the  peculiar  current  of  the 
frog. 

1st.  The  peculiar  current  of  the  frog  has  the  same  origin 
as  thai  produced  in  the  brain  of  the  torpedo  and  which  charges 
the  organ. 

2nd.  This  current  cannot  develop  itself  and  excite  con- 
tmetions,  or  functionate  in  general  by  the  nerves,  without  the 
organization  of  the  nerve  itself  be  untouched,  in  all  its  sue- 
oesstve  ramifications. 

It  also  appears  to  me  that  we  can  tolerably  well  understand 
the  fitcts  established  on  the  peculiar  current,  where  the  nervous 
circuit  comprising  the  brain,  manrow,  and  nerves,  is  eomplete; 
the  electric  fluid  should  circulate  in  it  in  a  complete  manner^ 
and  there  is  no  reason  why  we  should  separate  a  part  of  it.  It 
is  only  when  the  animal  is  over  excited  that  we  can  prove  its  pre- 
sence. We  conceive  from  this  how  the  peculiar  current  disap- 
pears on  the  living  animal.  But  if  this  circuit  be  destroyed^ 
whieh  is  the  case  when  the  frog  is  killed  and  prepared  after 
the  manner  of  Gralvani,  the  electricity  may  then  change  its 
course:  this  peculiar  current  is  effectively  perceived  to  be 
stronger  on  the  dead  frog,  and  we  frequently  have  it  on  the 
dead  frog^  when  we  cannot  observe  it  on  tWe  lifting  anioial. 
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Hence  we  have  no  longer  any  difficulty  in  conceiving  why  we 
have  not  yet  succeeded  in  having  indications  of  a  current  in 
the  nerves. 

I  hope  it  will  not  be  concluded,  from  this,  that  I  admit  of 
unknown  vital  forces.  Such  an  idea  is  far  from  my  thoughts; 
I  have  only  seen  in  the  organic  functions,  the  effects  of  graaid 
physical  forces  of  general  agents,  acting  upon  this  mysterious 
molecular  dispositions  which  are  called  organization.  I  am 
much  pleased,  in  the  interest  of  the  science,  to  see  one  of  the 
greatest  philosophers  of  our  time,  carry  on  in  this  direction 
his  researches  and  important  philosophical  labours. 

As  to  the  torpedo,  the  problem  of  its  electrical  function  seems 
•to  mp  more  clearly  settled  now  than  it  was.  lliere  are  in 
the  torpedo,  as  in  all  animals,  physical  and  chemical  (vital?) 
reactions,  which  develop  electrical  currents ; .  it  has  a  special 
organ,  in  which  the  electric  current  introduced  by  the  nerves, 
is  condensed  and  gives  place  to  the  electric  discharge  proper 
to  this  fish. 

CHAPTER  VI. 

Chemical  analysis  of  the  substance  of  the  organ. 

I  analysed  the  substance  of  the  organ  of  a  middling  sized 
torpedo,  after  having  stripped  it  of  all  the  membranes,  muscles, 
and  large  nervous  trunks  which  are  attached  to  it.  I  began 
by  determining  the  quantity  of  water  it  contained,  and  pro- 
ceeded by  the  usual  method.  In  one  experiment  I  obtained 
from  1 120  parts  of  substance  104  of  dried  produce :  in  another 
experiment  from  1307, 136  dried  parts.  The  mean  quantity  of 
water  is  thus  reduced  to  903*4  on  every  1000  of  the  substance  of 
the  organ.  The  analyses  of  the  dried  produce  was  made  by 
putting  alcohol  at  36"  with  it  and  renewing  this  solution 
three  times,  at  intervals  of  24  hours.  I  renewed  the  residue 
by  the  same  boiling  alcohol  and  repeated  this  treatment  twice. 
Finally  the  rest  was  treated  by  boiling  water  and  afterwards 
by  concentrated  acetic  acid.  The  following  is  the  result : 
gr  6*65  of  the  dried  produce  gave  me 

gr.  3*171  substance  dissolved  in  cold  alcohol  (A). 

0-893 boiling  water  (B). 

2*587  substances  insoluble  in  alcohol  (C). 
The  products  A  and  B  are  composed  of  muriate  of  soda, 
lactate  of  potassium,  lactic  acid,  extract  of  Berzelian  meat, 
a  fat  substance  analogous  to  the  elaine  of  the  brain,  and  of  a 
fiat  substance,  solid  at  the  ordinary  temperature.  The  pro- 
duce C  is  almost  entirely  composed  of  albumine,  and  some 
traije^.of  gelati^e. ...  ,,..-- 
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When  the  alcoholic  solution  obtained  by  cold  is  evaporated, 
it  first  forms  crystalline  beds,  then  drops  of  yellowish  oil :  the 
latter  are  deposited  at  the  bottom  of  the  liquid.  This  liquid 
is  extremely  acid,  and  forms  a  precipitate  with  an  infusion  of 
gall-nut.  When  all  the  solution  is  evaporated,  there  remains 
a  yellow  greenish,  oily,  very  acid  and  deliquescent  mass.  It 
is  almost  entirely  dissolved  in  water,  making  a  kind  of  emul- 
sion. It  disengages  a  smell  of  rancid  fish  oil.  Potassa 
dissolves  the  fat  substance,  destroys  the  odour,  and  neutralizes 
the  liquid :  tartaric  acid  added  re-establishes  the  fat  acid,  and 
gives  by  evaporation  and  distillation,  lactic  andphocenic  acid. 
The  produce  of  boiling  alcohol  gives  also  lactic  acid,  and  a 
fat  solid  substance,  which,  mixed  with  nitric  acid,  shows 
traces  of  sulphur  and  phosphorus.  The  substance  insoluble 
in  alcohol,  boiled  in  distilled  water,  gives  a  solution  of  a  white* 
salt  which  is  troubled  by  the  bichlorure  of  mercury :  the  in- 
iusion  of  gall-nuts  gives  it  a  flaky  precipitate  which  is  partly 
dissolved  by  heating  the  liquid :  the  remainder  is  soluble, 
especially  by  heat,  in  acids  and  acid  alkaline  solutions.  It  is 
only  pure  albumine.* 

The  albuminous  substance  which  covers  the  brain,  only 
differs  from  the  substance  of  the  organ  by  a  greater  quantity 
of  water. 

It  would  be  impossible  for  me  not  to  remark  the  analogy 
which  exists  between  the  composition  of  the  cerebral  matter, 
and  that  of  the  electric  organ  of  the  torpedo,  which  we  have, 
just  analysed. 


LIV.  The  Action  of  the  Voltaic  Battery  shown  to  be 
tioofold,  and  the  distinction  between  the  terms  Quantity 
and[ Intensity  determined  by  the  theory  of  vibration  ,^  with 
a  reply  to  the  various  objections  made  to  the  theory.  By 
Mr.  Thomas  PoLLOCK.f 

Read  21st  of  October,  and  4th  of  November,  1837. 

As  the  subject  of  this  paper  involves  a  general  and  important 
law,  and  may  have  a  considerable  influence  in  simplifying  the 

*  When  the  dried  substance  of  the  organ  is  mixed  three  times 
with  cold  ether  and  the  solution  evaporated,  we  obtain  a  ffreasy 
yellowish  matter,  of  the  appearance  of  mother  of  pearl,  which  is 
slightly  dissolved  in  ether  and  cold  alcohol :  it  is  without  taste^  of 
an  insipid  smell  and  saponifies  by  potassa :  burnt  and  calcined 
in  a  platina  crucible  it  leaves  an  acid  cinder,  and,  mixed  with  boil- 
ing nitric  acid,  shows  traces  of  sulphuric  and  phosphoric  acid.  Hence 
it  IS  the  cerebral  stearine. 

t  From  the  Transactions  of  the  London  Electrical  Society. 
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theory  of  voltaic  action,  the  investigatiens  I  am  about  to  pre- 
sent to  the  Diotice  of  the  Society  will  not^  it  is  hoped,  be  un- 
worthy of  consideration.  If  it  can  be  ^own  that  the  action  of 
the  battery  m  twofold ;  first  in  abstractiinl^  the  electric  floid 
from  bodies,  and  secondly  in  imparting  it  to  others,  an  impor- 
tant point  will  be  gained,  and  the  progress  of  electrical  science, 
in  a  steady  course,  amidst  the  conflicting  opinions  of  the  pre- 
sent day,  may  be  anticipated.  When  we  are  informed,  although 
on  the  very  highest  authority,  that  an  atom  of  water  yields 
as  much  electricity  during  its  decomposition  as  is  contained  in 
a  flash  of  lightning,  we  may  well  be  startled  with  the  assertion; 
but  when  we  know  that  the  power  decomposing  the  atom  of 
water  arises  from  the  abstraction  of  the  electric  fluid,  and  that 
the  flash  is  an  eflect  of  the  communication  of  the  fluid,  our 
astonishment  ceases. 

This  subject  resolves  itself  into  four  ports.* — I.  The,  altera- 
tion of  form  wliich  the  cements  of  the  battery  undergo.  IL 
The  explanation  of  these  changes  on  the  theory  of  vibrations. 
IIL^  The  distinction  between  the  termft  quantity  and  inten- 
sity determined  by  the  theory  of  vibration.  IV*  The  vaarkxa: 
objections  made  to  the  foregmng  theoary. 

I.     On  the  alteration  of  form  which  the  elements  of 

THE  BATTERY  UNDERGO. 

No  attempt  appears  to  have  been  yet  made  to  exhibit  the 
connexion  that  exists  between  the  alteration  of  form  in  the 
elements  of  the  voltaic  battery,  and  its  electrical  pippettiedi 
As  far,  however,  as  my  experiments  have  led  me,  there  is 
every  reason  to  believe  that  the  electrical  action  of  the  battery 
depends  on  these  changes* 

That  we  may  present  a  distinct  view  of  this  curioiis  investi- 
gation, it  will,  perhaps,  be  ekdvisable  to  consider  the  phenomena 
of  the  pile  in  the  order  they  may  be  sui^)osed  to  follow.  This 
may  be  done  by  a  few  remarks  on  the  transition  ^  zinc  from 
the  state  of  a  metal  to  that  of  an  oxide  f  the  transition  of  the 
oxygen  from  the  state  in  wfiich  it  exists  in  water  to  that  in 
the  oxide  of  zinc;  and  the  change  effected  by  the  union  of 
the  acid  in  the  solution  with  theoonde  of  zinc.  To  pursue 
this  subject  further,  it  might  be  advisable  to  trace  the  influ- 
ence of  these  changes  of  form  on  the  remaining  phenomena 
of  the  pile,  such  as  the  influence  of  the  formation  of  the  oxide 
upon  the  zinc  ;  the  influence  of  the  zinc  upon  the  copper ^  the 
copper  upon  the  hydrogen,  and  lastly,  the  action  oftfmseupott 
the  decomposing  potcer  of  the  pile. 

On  the  transition  of  the  zinc  from  the  metallic  state  ini 
that  of  an  oxide.  This  eflect,  there  is  every  reason  to  bclfeve 
is  the  primary  cause  of  voltaic  action  in  the  battery.     Ilie 
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most  remarkable  circumstance  attending  this  change  of  state 
is  an  increase  of  volume ;  the  density  of  the  oxide  of  zinc 
being  about  3  and  that  of  the  metal  about  7.  Now  the 
space  occupied  by  any  body  must  always  be  inversely  as  the 
density;  the  increase  of  volume,  therefore,  which  results  from 
this  transition  is  as  7  to  3. 

It  is  generally  supposed  that  all  substances  possess  electric- 
city  in  a  certain  state  as  to  intensity  and  quantity,  and  have  a 
certain  ratio  to  the  fluid  in  surrounding  bodies,,  when  in  anon- 
electric  state.  When  any  substance  receives  an  additional 
quantity,  or  has  a  part  of  its  natural  electricity  abstracted,  it 
is  said  to  be  electrified;  in  the  former  case  positively,  in  Ae 
latter  negatively. 

From  this  opinion,  it  would  necessarily  follow,  that  when 
the  zinc,  passing  from  the  metallic  state  to  that  of  an  oxide, 
obtains  a  volume  represefiied  by  7  instead  of  3,  the  quantity 
of  its  electric  fluid,  in  order  retain  the  non-electric  state,  or  ii^ 
other  words  that  of  eqiylibrium,  ought  to  be  as  7,  but  it  re- 
mains only  as  3.  The  zinc  therefore  having  a  less  amount  o£ 
electricity  in  proportion  to  its  bulk  must  be  negatively  electri- 
fied. 

On  the  transition  of  the  oxygen  from  the  state  in  which 
it  exists  in  water  to  that  in  the  oxide  oi  zinc.  This  effect 
is  accompanied  by  an  increase  of  density ;  the  density  of  water 
being  1  and  that  of  the  oxide  of  zinc  about  3.  The  spaced 
occupied  by  the  oxygen  before  and  after  the  transition  are,  as 
I  have  found  by  experiment,  in  inerse  ratios,  being  in  one 
instance  1  :  3  and  in  the  other  3  :  L 

What  influence  then  has  this  diminution  of  bulk  on  the 
electrical  condition  of  the  oxygen  ?  The  ratio  which  the 
oxygen  when  it  forms  water  in  combination  with  hydrogen, 
bears  to  surrounding  bodies,  as  respects  the  quantity  of  the 
electric  fluid  necessary  to  obtain  equilibrium,  cannot  be  main- 
tained when  it  combines  with  the  zinc,  and  forms  an  oxide, 
the  quantity  being  then,  as  3  :  1.  The  oxygen  under  such 
circumstances  must  be  positively  electrified,  having  the  fluid 
in  excess. 

Hence  then  it  will  appear  that  the  effect  on  the  oxygen 
is  the  reverse  of  that  on  the  zinc ;  the  former  being  in  the 
positive,  and  the  latter  in  a  negative  state  when  the  oxide 
of  zinc  is  forming. 

On  the  change  effected  by  the  union  of  the  acid  in  solute 
tion  tcith  the  oxide  of  zinc.  As  far  as  our  information  extends 
respecting  the  action  of  acid?  upon  the  oxides  of  metals,  there 
can  be  no  doubt  that  the  copiipound  thus  formed  has  a  greater 
density  than  the  sum  of  the  densities  of  the  two  constituents—^ 
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the  acid  and  the  oxide.  When  the  union  of  the  oxide  of 
zinc  with  the  acid  of  the  solution  takes  place,  there  will  he  an 
increase  of  density  and  consequently  a  diminution  of  volume. 
The  resulting  compound  containing  an  excess  of  fluid  above 
equilibrium  will  be  positively  electrified. 

On  the  electrical  state  of  the  metallic  zinc  in  relation  to  the 
oxide  of  zinc  formed  from  the  same  plate.  The  oxide  of  zinc  ^ 
immediately  on  its  formation  must  contain,  owing  to  the  ex- 
pantion  of  the  metal  itself,  a  less  quantity  of  electricity  than 
it  should  do  in  relation  to  surrounding  bodies.  It  must 
therefore  be  in  a  negatively  electrified  state.  The  metaUic 
zinc,  remaining  after  the  formation  of  the  oxide,  must  be  in  a 
positive  state,  owing  to  what  in  the  ordinary  electrical  language 
is  called  induction. 

On  the  electrical  state  of  the  copper  in  relation  to  the  zinc. 
The  metallic  zinc  being  positively  electrified  to  the  oxide  of 
zinc,  in  must  be  in  a  negative  state  to  all  surrounding  bodies, 
and  among  others  to  the  copper  with  which  it  is  in  contact 
agreeably  to  the  principles  of  induction. 

On  the  transition  of  the  hydrogen  from  the  condition  in 
which  it  exists  in  water  to  its  uncombined  gaseous  state,* 
The  hydrogen  in  the  state  of  gas  occupies  a  space  which  may 
be  represented  as  12,000;  and  in  the  state  of  water  as  1. 
Hence  it  must  follow  that  the  hydrogen  gas  must  contain  less 
fluid  than  surrounding  bodies,  and  is  therefore  electrified 
negatively. 

It  now  becomes  a  question  how  the  hydrogen  can  be  brought 
to  that  positive  state  in  which  we  know  it  to  exists  as  it  is 
always  attracted  to  the  negative  pole  of  the  battery.  It  may 
be  said  that  it  is  owing  to  the  hydrogen  being  imder  the 
inductive  power  of  the  negative  copper:  but  we  have  no 
evident  reason  why  the  copper  should  exercise  that  inductive 
power  upon  the  hydrogen  and  not  upon  the  other  components 
of  the  arrangement.  Induction  may  help  us  to  a  statement  of 
the  fact  but  gives  us  no  assistance  in  an  attempt  to  discover 
the  cause. 

From  what  has  been  already  stated,  it  will  be  evident  that 
metallic  zinc,  in  its  transition  into  the  state  of  an  oxide, 


♦  One  cubic  foot  of  water  weighs  1000  ounces,  which  multiplied 
by  438  yields  the  number  of  grains  438,000.  One  cubic  foot  of 
hydrogen  gas  weights  about  38  grains.  438,000  divided  by  38 
yields  11,5^6,  which  is  the  ratio  of  the  density  of  water  to  hydro- 
gen gas.  This  therefore  is  the  amount  of  the  expansion  which  hydro- 
gen undergoes  during  its  transition  from  the  state  of  water  to  that  of 
gas. 
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undergoes  expansion ;  that  when  oxygen  is  separated  from  its 
combination  with  hydrogen  forming  water  and  combines  with 
the  zinc,  contraction  will  be  the  result ;  and  the  same  result 
is  produced  upon  the  zinc  and  copper  as  well  as  when  the 
oxide  and  acid  are  resolved  into  a  saline  compound.  That 
there  is  some  connexion  between  these  changes  and  the 
electrical  properties  of  the  battery  is  undeniable ;  but  I  am 
not  aware  that  any  attempt  has  ever  been  made  to  trace  out 
the  connexion.  It  is  true  that  an  explanation  is  generally 
given  by  the  assistance  of  the  doctrine  of  induction,  which 
supposes  an  electrified  body  to  induce  an  opposite  state  upon 
the  substances  brought  near  it.  Thus  the  poles  of  the  battery 
may  be  considered  as  in  opposite  states,  and  all  the  electric 
actions  in  the  solution  as  the  result  of  their  inductive  influence. 
But  it  may  be  doubted  whether  the  frequent  use  which  \i 
now  made  of  the  principles  of  induction  may  not  retard 
the  progress  of  electrical  science.  The  word  induction  may 
be  of  use  as  connecting  many  isolated  facts,  but  it  gives  us  no 
insight  into  the  cause  of  the  phenomena  attributed  to  the 
proximity  of  bodies  to  electrified  substances.  The  frequent 
use  of  the  word  is  therefore  mischievous,  as  it  prevents  enquiry 
and  serves  only  to  hide  our  ignorance. 

II.     Explanation  of  these  changes  on  the  Theory  op 
Vibration. 

I.  In  order  to  render  this  explanation  more  intelligible, 
we  must  suppose  every  body  to  be  capable  of  undergoing  vibra- 
tion, consisting  of  a  contracting,  and  an  expanding  stage; 
being  positive  and  imparting  the  fluid  during  the  former ;  and 
negative  and  receiving  it  during  the  latter. 

As  soon  as  the  acid  acts  upon  the  zinc,  the  oxide  formed 
will  have  its  tendency  to  undergo  the  expanding  stage  increased, 
as  already  shown ;  thereby  becoming  highly  negative.  The 
fluid  will  be  powerfully  abstracted  from  the  remainder  of  the 
metal  zinc,  which  has  therefore  its  tendency  to  undergo  the 
contracting  stage  increased.  While  these  two  stages  in  each 
exist,  a  current  as  at  a,  fig.  68,  Plate  IX,  will  pass  between 
them.  When  this  current  ceases,  the  opposite,  the  expanding 
stage  commences  in  the  zinc,  it  becomes  negative,  and  absorbs 
the  fluid  from  the  copper  which  in  turn  becomes  positive, 
thus  current  b  is  generated.  When  this  ceases,  the  opposite, 
the  expanding  stage  commences,  it  becomes  negative,  absorb- 
ing the  fluid  from  the  solution  S  which  thereby  becomes 
positive,  generating  the  current  c. 

The  general  effect  of  this  vibration  will  be,  that  a  current 
will  exist  through  the  arrangement,  from  the  zinc,  through  the 
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solution,  through  the  copper  to  the  zinc  again,  whereby  a 
complete  circuit  will  be  established. 

It  has  been  already  mentioned,  that  the  hydrogen  at  the 
moment  of  its  transition  from  the  state  of  water  to  that  of  gas, 
undergoing  an  expansion  equal  to  12,000,  must  be  highly 
negative ;  which  appears  contrary  to  fact,  as  it  is  highly  posi- 
tive being  attracted  by  the  negative  copper.  The  theory  of 
vibration  enables  us  to  meet  this  difficulty.  This  gas  being 
at  the  moment  of  its  formation  the  most  elastic  body  present, 
will  absorb  the  fluid  from  the  others,  more  particularly  the 
solution,  and  will  also,  owing  to  its  great  elasticity,  more 
readily  subsequently  undergo  compression,  become  positive 
and  give  off  its  fluid  to  the  negative  copper. 

If  the  above  theory  of  vibration  be  true,  it  follows,  that  as 
the  consumption  of  the  fluid  by  the  oxidizement  of  the  zinc  is 
not  met  by  an  equivalent  production  of  the  fluid  within  the 
battery,  the  action  of  the  battery  must  depend  upon  its  power 
of  absorbing  the  fluid  from  surrounding  bodies,  rather  than 
imparting  it  to  them.  This  is  highly  probable  from  a  most 
important  experiment  of  Dr.  Faraday,  related  in  section  728 
of  his  Experimental  Researches.  ^^  If  the  acid  be  strong  then 
a  remarkable  disappearance  of  oxygen  took  place ;  thus  one 
made  by  mixing  two  measures  of  strong  oil  of  vitriol  with  one 
of  water,  gave  42  volumes  of  hydrogen,  butonly  12  of  oxygen." 
Now  the  inference  which  Dr.  Faraday  draws  from  this 
experiment  that  the  duetoxide  of  hydrogen,  or  oxywater  of 
Thenard,  is  formed,  is  highly  probable.  It  may  be  proper  to 
state  that  this  compound  consists  of  1  hydrogen  and  16  oxygen; 
water  consists  of  the  same,  but  the  proportions  different,  1 
hydrogen  and  8  oxygen.  The  former  containing  double  the 
quantity  of  oxygen  that  the  latter  does.  When  water  is 
decomposed,  it  yields  2  volumes  of  hydrogen  and  1  of  oxygen. 
In  the  above  experiment  42  volumes  of  hydrogen  are  pro- 
duced, butonly  12  of  oxygen  instead  of  21.  What  has  become 
of  the  9  volumes  of  oxygen  ?  The  only  probable  inference  is, 
that  it  exists  in  combination  with  the  water  of  the  solution  as 
the  deutoxide.  This  compound  can  exist  only  at  low  tem- 
peratures, for  as  the  temperature  rises,  oxygen  is  given  off, 
and  water  alone  remains.  The  presumption  therefore  is,  that 
this  compound  which  can  exist  at  low  temperatures  only,  is 
formed  by  the  action  of  the  battery,  which  is  dependant  upon 
its  power  of  absorbing  the  fluid  from  surrounding  bodies, 
rather  than  of  imparting  it  to  them.  That  this  view  of  this 
action  is  the  true  one,  the  magnet  furnishes  further  evidence. 
The  lower  the  temperature,  the  stronger  the  power  of  the 
magnet,  as  Dr.  Faraday  has  proved  by  an  experiment  related 
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in  the  article  Magnetism,  section  51 ,  published  by  the  Society 
for  the  Difiiision  of  Useful  Knowledge ;  and  accordingly  we 
find,  that  the  wire  of  the  battery,  as  when  forming  the  com- 
mon helix,  converts  a  plain  piece  of  steel  as  a  common  needle 
into  a  magnet ;  not  by  imparting  the  fluid,  but  by  absorbing 
it.  These  two  facts,  these  two  analogous  instances,  appear  to 
place  the  foregoing  statement  upon  an  incontrovertible  basis, 
viz.,  that  the  battery  forms  oxy  water,  and  also  the  magnet,  by 
its  power  of  absorption  of  the  fluid. 

I  am  aware  that  an  objection  has  been  made  to  the  theory 
of  vibration,  because  it  cannot  be  proved  by  experiment  to 
exist,  and  there  is  certainly  not  any  experiment  sufficiently 
delicate  to  determine  its  existence;  but  the  great  velocity 
with  which  these  vibrations  occur,  preclude  the  possibility  of 
direct  observation;  as  thousands  or  even  millions  of  them 
may  occur  within  a  second  of  time.  The  velocity  of  electricity 
has  been  estimated  dififerently  by  different  philosophers ;  but 
the  determinations  of  Professor  Wheatstone  appear  most 
worthy  of  dependance ;  viz.  that  the  velocity  of  electricity 
through  a  copper  wire  exceeds  that  of  light  through  planetary 
space. 

It  may  now  be  stated  that  if  the  theory  of  vibration  is  true, 
it  will  follow,  that  as  the  positions  and  times  of  the  two  stages 
do  not  correspond,  the  fluid  given  out,  and  absorbed,  during 
the  contracting  and  expanding  stages  respectively,  will  not 
be  equal. 

Now,  this,  as  respects  sound,  which  is  almost  universally 
acknowledged  to  be  dependant  upon  the  vibration  of  the  mat- 
ter through  which  it  passes,  is  known  to  be  the  fact.  La 
Place,  while  investigating  mathematically,  the  phenomena  of 
sound,  found  that  his  results  did  not  correspond  with  the  facts. 
In  Mrs.  Somerville's  Work,  page  155,  are  these  observations. 
'*  In  dry  air  at  the  freezing  temperature,  sound  travels  at  the 
rate  of  1089  feet  in  a  second,  and  at  62'  of  Fahrenheit  its 
speed  is  1123  feet  in  the  same  time.  It  was  found,  however, 
that  the  velocity  of  sound,  determined  by  observation,  ex- 
ceeded what  it  ought  to  have  been  theoretically  by  173  feet 
or  about  one  sixth  of  the  whole  amount.  La  Place  suggested 
that  this  discrepancy  might  arise  from  the  increased  elasticity 
of  the  air,  in  consequence  of  a  development  of  latent  heat, 
during  the  undulations  of  sound;  and  the  result  of  calculation 
fiilly  confirmed  the  accuracy  of  his  views.'* 

Were  the  name  of  La  Place  only  known  to  us  from  the  fact 
of  his  having  made  this  observation,  it  would  deserve  im- 
mortality ;  for  it  explains  to  us,  that  the  heat  given  out  during 
the  compression  of  the  air,  is  not  absorbed  during  the  rare- 
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faction  necessarily  accompanying  it :  for  it  is  to  be  recollected> 
that  the  volume  of  the  air  remains  not  permanently  contracted 
or  compressed,  but  the  same  after  the  sound  has  passed 
through  it,  as  before. 

We  are  thus  informed,  not  in  the  imperfect  dialect  of  man, 
but  in  the  universal  language  of  nature,  that  this  heat 
generated  during  the  transmission  of  sound  is  a  test  of  the 
presence  of  vibration. 

Fig.  69,  Plate  IX.  A  B,  an  arrow  denoting  the  direction  of 
the  force  generating  the  vibration.  C,  the  positions  of  the 
contracting  stages  of  vibration  of  the  matter  through  which 
the  force  acts.  E,  the  positions  of  the  expanding  stage  of 
vibration.  Each  vibration  supposed  to  be  constituted  of  the 
two  stages,  as  from  a  to  b.  The  arrows  denote  the  fluid  flow- 
ing in  or  out  of  the  respective  positions  where  the  stages 
occur.  The  numbers  denote  the  periods  of  time  when  the 
separate  stages  are  supposed  to  occur. 

From  the  diagram,  it  is  evident,  that  as  the  positions  and 
times  of  the  stages  differ,  they  cannot  interfere:  thus  for 
instance,  the  contracting  stage  at  3  occurs  too  late  to  interfere 
with  the  expanding  stage  at  2,  and  too  early  to  interfere  with 
that  at  4,  because  this  last  stage  is  not  as  yet  supjpp^ed  to  be 
in  existence.  To  this  inevitable  conclusion  we  are  driven ; 
that  the  expanding,  cannot  interfere  with  the  contracting 
stages,  because  time  and  place  do  not  permit  it.  That  the 
expanding  stage  will  require  the  fluid  is  undoubtedly  true;  bu^ 
it  is  also  as  true,  that  the  same  fluid  which  is  given  out  dui^ing 
the  contracting  stage  is  not  all  absorbed  during  the  ex- 
panding stage.     Hence  the  latent  heat  observed  by  L.a  Place. 

But  here  an  objection  may  be  started ;  that  although  the 
above  observations  may  be  justified  from  that  of  Lg,  Place,  as 
respects  sound,  still  we  are  not  justified  in  extending  the  sanpifs 
by  analogy,  to  the  explanation  of  the  phenomena  of  9le9tricity:. 
I  believe  we  are  fully  justified.  Sound,  electricity,  nj^gnetism, 
light,  and  heat,  are  each  and  all  in  connexion  wjl^  a  force 
or  motion  through  matter,  and  consequently  also  with  its 
vibration.  We  have  therefore  yet  to  learn  the  existence  of 
electrical  phenomena  independent  of  the  presence  of  matter. 

Heat  therefore  becomes  a  test  of  the  vibration  in  matter. 
Thus  the  heat  generated  by  a  voltaic  battery,  denotes  the 
vibration  taking  place  in  it ;  in  the  same  manner  as  th^  heat 
observed  by  La  Place  was  a  test  of  the  vibration  accompanying 
the  motion  through  air  connected  with  sound;  \)^n§  th^t 
given  out  during  the  compression,  but  not  a^orbi^d  3jariug  thg> 
rarefaction  of  the  air,  otherwise  that  heiat  could  i^it  Iiavi^Tb^p^ 
observed. 
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From  the  foregoing  inyestigatipHa  two  ^uferenQes  are  to  be 
drawn,  whose  mutual  influence  upon  the  action  of  tjji^  volti^iq 
battery  is  most  important,  and  in  the  present  imperfect  state 
of  electrical  knowledge  cannot  be  kept  too  constantly  in  viev. 

1^^.  Inference,  That  hy  the  vibration  existing  ip  the 
battery,  fluid  is  disengaged,  whereby  it  manifests  heating 
power  in  its  actiqn  upon  bodies. 

2d,  Inference,  That  the  battery,  owing  to  the  consumption 
of  the  fluid  in  it,  by  the  o^idizement  of  the  zinc,  absorbs  the 
fluid  from  bodies  exposed  to  its  action. 

These  twp  inferences  lead  to  an  inconsistent  result.  Th^ 
first  inference  implies  that  the  battery  imparts  fluid  to  bodies 
Exposed  to  its  influence.  The  second,  that  it  receives  the 
fluid  from  them. 

We  accordingly  find  that  batteries  relatively  to  these  two 
inferences,  and  their  respective  tendencies,  may  very  cpn- 
veniently  be  divided  into  two  classes.  One,  including  those 
whose  action  upon  bodies  is  mainly  dependant  upon  the  heat 
they  communicate  to  them.  The  other,  those  whose  action  is 
mainly  electric  and  chemical.  The  first  class  includes  quan- 
Hty  ;  the  second  intensity  batteries. 

As  a  quantity  battery,  Hare's  calorimotor  stands  first.  In 
it  the  influence  of  vibration  predomin^ites.  It  heats  and 
deflagrates  the  metals  and  oxidizes  them.  It  ppssesses  no 
electric,  no  chemical  action,  giving  no  shocks,  producing  no 
decomposition.  AU  this  pccurs,  because,  owing  to  thje  inten,- 
sity  of  its  vibration,  its  power  of  imparting  the  fluid  ta 
surrounding  bodies  overpowers  that  of  abstracting  it  fron^ 
them. 

In  an  intensity  battery,  the  power  to  ab;sorb  the  fljuid,  fr;p^i 
bodies  exceeds  that  of  imparting  it  to  then;i.  It  proiduces 
electric  and  chemical  action.  It  gives  shocks,  it  decon^poses 
bodies,  while  its  influence  dependaj^t  upon  viba^atioQ,  is  mi^ch 
inferior  to  that  of  a  quantity  ba.ttery. 

We  now  see  thje  reason  why  a  small  battery  shpuld  produce 
such  extraordinary  etfects  upon  electro- m^gu,ets,  ^hiph  are 
scarcely  exceeded  by  the  action  of  a  larger  battery.  It  is 
because  the  interference  arising  from  the  heat  disengaged 
during  the  vibration  is  proportionally  less  ip  a  small  battery 
than  m  a  large  one;  the  electric  action  is  therefp):e  pror 
portionably  greater. 

We  now  see  the  reason  why  the  sustaining  battery  is  so  well 
adapted  for  electro-magnetic  aiid  deconappismg  purppses.  It  i^ 
because  so  little  interference  arisps  fropa^  the  fluii  given  ofiF 
qijring  vibra-tion,  by  which  its.  electrip  arud  decomposing 
action  might  be  impede4- 


Digitized  by 


Google 


342  Mr.  Pollock,  on  the  action  of  the  voltaic 

We  now  see  the  reason  why  batteries  composed  of  metals 
and  water  alone/ should,  (as  when  employed  by  Mr.  Crosse"), 
produce  crystals,  thereby  rivalling  nature  herself.  It  is 
because  in  such  batteries  the  interference  by  the  action  of  heat 
liberated  by  vibration  is  so  slight,  the  electric  action  goes  on 
undisturbed.  No  fact  is  scarcely  better  known,  than  that 
the  abstraction  of  heat  favours  crystallization. 

We  also  see  the  reason  why  the  action  of  batteries  made 
with  sulphuric  or  nitric  acids,  must  of  necessity  be  short-lived. 
It  is  because  by  the  intensity  of  their  vibration  and  the 
accompanying  production  of  heat,  they  counteract  themselves. 

III.   The  distinction  between  the  Terms,  Quantity  and 
Intensity,  determined  by  the  Theory  of  Vibration. 

When  the  fluid  given  oflF,  during  the  contracting  stage  is 
not  counteracted,  by  being  taken  up,  during  the  expanding 
stage,  we  get  those  effects  which  we  term  those  of  quantity  : 
when  it  is  counteracted,  we  get  those  of  intensity. 

Batteries  of  single  pairs  of  plates  are  most  proper  for  quan- 
tity. Those  with  numbers  or  series  of  pairs,  for  intensity. 
The  cause  of  this  will  appear. 

The  calorimotor,  the  best  sample  of  a  quantity  battery,  con- 
sists of  two  plates,  copper  and  zinc  rolled  up  together,  and 
acid.  Now  if  we  consider  each  separate  plate,  to  be  under- 
going vibration,  contracting  on  one  side  or  end,  and  expanding 
on  the  oi5posite,  it  must  be  very  evident  that  very  little  inter- 
ference  owing  to  the  distance,  can  occur  between  them,  and 
that  this  interference  will  be  less  as  the  size  of  the  plate  is 
greater.  But  in  a  battery  composed  of  a  series,  interference 
will  occur  between  the  oifferent  stages,  and  to  a  greater  ex- 
tent and  in  a  greater  ratio,  as  the  number  of  series  is  greater. 
This  subject  may  be  illustrated  by  a  diagram. 

Fig.  70,  Plate  IX.  Q,  intended  to  represent  distance,  as 
that  of  the  surface  of  a  plate  belonging  to  a  quantity  battery. 
I,  a  series  of  plates,  belonging  to  an  intensity  battery.  C, 
positions  undergoing  the  contracting  stages  of  vibration.  E, 
positions  undergoing  the  expanding  stages  of  vibration.  Z  and 
N,  the  positive  and  negative  ends  of  the  plates. 

The  arrows  show  the  direction  of  the  current  supposed  to 
pass  along  the  plate  or  series.  The  numbers  express  the  time 
when  the  vibration  in  each  plate  is  supposed  to  occur. 

Thus  the  fluid  given  out  at  C%  cannot  be  much  affected  by 
any  action  occurring  at  E',  owing  to  the  distance ;  and  any 
body  near  C  may  receive  some  of  that  fluid  which  CJ  has  in 
excess  without  any  reference  to  the  deficiency  at  E'.  But  in 
the  series  it  is  different.     If,  for  instance,  the  fluid  be  given 
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out  at  C.  5,  although  as  in  the  former  instance,  it  may  occur 
without  much  reference  to  the  expanding  stage  at  E.  5,  still 
it  is  more  likely  to  pass  to  E.  6,  where  the  fluid  is  deficient 
than  to  any  body  near  it,  as  it  would  in  the  former  instance. 
This  teaches  us  why,  from  the  action  of  a  quantity  battery, 
heat  ought  to  result;  and  why  it  is  less  likely  in  an  intensity 
battery.  To  this  conclusion  we  come,  that  in  a  single  pair, 
heating  effects  are  in  a  greater  ratio  to  the  electrical  and  che- 
mical ;  and  in  a  series,  in  a  less  ratio ;  owing  to  the  power  of 
a  single  pair  to  impart  fluid  to  bodies,  agreeably  to  the  first 
inference  we  draw  ;  and  that  of  a  series  to  abstract  it  from 
them,  agreeably  to  the  second  inference. 

Much  confusion  has  arisen  from  inattention  to  this  twofold 
action  of  the  voltaic  battery,  and  much  surprise  has  been 
manifested  that  quantity  batteries  should  show  such  enormous 
powers  when  acting  upon  good  conductors,  and  at  the  same 
time,  such  weak  electrical  powers ;  when  it  was  supposed  that 
the  only  difference  between  a  quantity  and  an  intensity  bat- 
tery was,  that  in  the  former  instance  the  electric  fluid  was 
dilfiised  over  a  larger  surface,  and  in  the  latter  more  concen- 
trated. 

This  we  now  see  is  not  the  fact.  The  phenomena  of  the 
battery  when  imparting  the  fluid  to  bodies,  are  analogous  if 
not  identical  with  those  of  heat.  The  term  quantity  as  ap- 
plied to  the  electrical  action  of  the  battery  is  altogether  im- 
proper, for  instead  of  expressing  a  similar  force  differing  in 
degree  merely,  it  is  an  antagonist  force,  exactly  in  the  same 
manner  as  we  are  compelled  to  consider  the  force  of  heat, 
antagonist  to  that  of  crystallization.  Hence  has  arisen  the 
uncertainty  and  confusion  by  which  the  progress  of  electrical 
science  has  been  retarded.  Hence  the  opposing  theories, 
which  by  their  conflict  have  shown  that  neither  were  right, 
because  both  had  equally  confounded  antagonist,  with  forces 
differing  merely  in  degree.  The  history  of  electrical  contro- 
versy is  almost  entirely  constituted  of  the  details  of  this 
lamentable  mistake. 

The  following  observations  in  Donovan's  Galvanism,  page 
251,  are  highly  instructive.  In  objecting  to  the  hypothesis 
of  Volta  the  following  experiment  is  related.  "  With  a  bat- 
tery of  forty  pairs  of  plates  each  18  inches  square,  the  effect 
on  the  gold  leaf  electrometer  was  barely  sensible,  yet  two  pairs 
of  plates  will  ignite  and  fuse  some  inches  of  platina  wire."  It 
is  afterwards  observed  "but  if  the  wire  be  fused  by  the  in- 
tensity of  the  electricity,  or  what  is  the  same  by  the  conden- 
sation of  a  large  quantity  upon  a  small  surface,  how  are  we 
to  account  for  the  non-effect  on  the  electrometer,  for  the  leaves 
separate  with  the  feeblest  intensities  ?" 
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The  above  is  a  sample  of  the  evils  arising  from  the  con- 
founding the  heating  with  the  electrical  power  of  the  battery. 
We  now  know  the  reason  why  two  pairs  of  plates  should  ignite 
some  inchfes  of  platina  wire,  while  forty  plates  should  barely 
influetice  the  electrometer.  It  is  because  these  two  actions 
depend  upon  antagonist  forces. 

IV.     Various  objections  made  to  the  foregoing  theory. 

Objection  I.  Want  of  experiments  to  shotv  the  changes 
of  form  in  the  battery  referred  to,  to  take  place.  It  would 
be  difficult  to  show  the  changes  as  they  are  assumed  to  occur 
in  the  battery,  but  we  have  no  reason  to  suppose  that  the  so- 
lution of  zinc  formed  by  the  action  of  the  battery  differs  from 
the  same  product  formed  in  any  other  way,  as  by  forming  the 
oxide  from  the  metal  zinc  and  dissolving  this  oxide  in  the 
acid  employed:  the  result  being  the  same  in  either  case. 
Thiit  the  metal  zinc  undergoes  expansion  in  forming  the  ox- 
ide, can  be  very  readily  shown  by  taking  the  specific  gravities 
of  the  metal  and  oxide,  and  by  adding  a  given  weight  of  each 
to  water  in  a  common  phial  and  observing  the  difference  of 
elevation  by  a  graduated  scale. 

Objection  2.  Chemical  action  not  the  cause  of  all  elec- 
trical action.  Cherxiical  action  appears  to  be  the  cause  of  the 
electric  action  of  the  battery,  for  we  find,  that  if  the  former 
be  diminished,  the  latter  is  reduced.  But  we  are  not  to  sup- 
pose that  chemical  action  is  the  sole  cause  of  electric  effect. 
The  present  state  of  our  electrical  knowledge  is  far  from  justi- 
fying us  in  drawing  such  an  inference.  The  cause  of  electric 
action  may  be  more  deeply  seated,  as  it  appears  to  depend 
upon  the  vibration  of  matter,  which  by  disturbing  the  equi- 
librium of  the  quantity  of  fluid,  produces  electric  eflfect.  If, 
therefore,  we  are  to  found  electric  action  upon  the  basis  of 
chemical  action,  we  must  suppose  that  the  arrangement  of  the 
atoms  of  matter  during  its  vibration  undergoes  a  chemical 
change.  This  probably  may  turn  out  to  be  the  truth,  but 
with  our  present  knowledge  is  incapable  of  demonstration. 

Objection  3.  That  electric  phenomena  may  be  explained 
by  the  examination  of  the  properties  of  matter,  independently 
of  any  fluid,     Ahhough  it  might  be  possible  to  explain  the 

{phenomena  of  the  battery,  agreeably  to  the  commonly  received 
aws  of  matter,  yet  it  appears  much  more  consistent  with  the 
fertility  and  variety  which  nature  employs  in  her  operations, 
that  such  a  species  of  matter  called  an  electric  fluid  should 
exist.  The  balance  of  probability  seems  strongly  in  its  favour. 
If  we  suppose  a  matter  whose  parts  are  so  intensely  small, 
that  the  attractive  force  between  themselves  and  surrounding 
matter  exceeds  that  within  themselves^  we  appear  to  possess 
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all  that  we  require  to  explain  the  phenomena  dependant  npon 
an  electric  fluid.  Such  matter  must  be  highly  elastic,  highly 
diffusive^  strongly  disposed  to  pass  in  the  direction  of  least 
resistance. 

Objection'  4.  That  if  two  plates  of  zinc,  one  simple,  and 
the  other  amalgamated,  be  placed  in  the  same  acid  solution, 
and  connected  with  the  galvanofneter,  the  current  generated 
would  be  in  the  direction  different  from  what  it  ought  ac- 
cording to  the  preceding  views.  In  the  foregoing  paper  I 
have  confined  my  observations  to  the  voltaic  battery  as  com- 
monly arranged.  In  this  experiment,  I  see  nothing  subversive 
of  the  theory  of  vibration,  but  I  think  confirmatory  of  it,  if 
the  thermo-electric  condition  of  the  arrangement  be  examined. 
We  will  shortly  reconsider  this  objection. 

No  theory  hitherto  advanced  has  explained  the  many 
anomalies  attending  the  action  of  the  voltaic  battery  upon  the 
wire  and  needle  when  forming  the  galvanometer.  Thus  the 
deflections  of  the  needle  during  the  same  experiment  fre- 
quently occur  in  opposite  directions.  The  theory  of  vibration 
enables  us  to  meet  these  anomalies,  and  to  show  that  they  con-* 
stitute  its  necessary  consequence. 

In  Mr.  Sturgeon's  Experimental  Researches  are  many  of 
these  anomalies.  Thus  the  deflections  of  the  needle  when  the 
acid  employed  is  weak  is  frequently  the  reverse  of  that  occur- 
ring when  strong.  The  experiments  in  paragraphs  11  and  12 
strongly  illustrate  this.  A  small  wooden  boxB,  fig.  17,  Plate 
IX,  divided  in  the  middle  by  a  diaphragm  d,  thus  forming  two 
chambers;  in  the  one  A  is  acid;  in  the  other  W  is  water.  In 
each  is  immersed  a  plate  of  copper  a  and  6,  each  connected 
by  the  wires  lo  w,  with  the  galvanometer  g,  of  which  n  is  the 
needle.  In  experiment  11,  40  or  50  parts  of  water  to  one  of 
nitrous  acid  are  employed;  in  experiment  12,  equal  pacts.  In 
experiment  11,  the  deflection  of  the  needle  denotes  that  the 
current  o  o,  passes  from  the  plate  b,  in  the  chamber  W,  to  plate 
a,  in  the  chamber  A.  In  experiment  12,  the  deflection  de- 
notes that  the  current «;  i?  is  passing  in  the  opposite  direction. 
Mr.  Sturgeon  subsequently  observes  that  when  strong  acid  is 
employed,  the  deflection  at  the  commencement  is  the  same 
as  with  weak  acid,  but  after  some  time  undergoes  this  vicis- 
situde.* 

The  theory  of  vibration  teaches  us  the  cause  of  this  dif- 
ference in  the  direction  of  the  two  currents,  and  the  consequent 
difference  in  the  deflection  of  the  needle.  If,  as  in  experiment 
11,  the  acid  employed  be  weak,  the  oxidizement  of  the  plate 

♦  Sturgeon's  Experimental  Researchesj  p.  22,  23. 
Vol.  II.— JVo.  11,  Ma?/,  1838.  2  A 
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a,  will  proceed  slowly,  the  resulting  vibration  will  be  weak, 
the  quantity  of  fluid  liberated  will  be  small,  and  will  conse- 
quently offer  little  interruption  to  the  current  o  o,  generated 
by  the  above  oxidizement.  But  when  on  the  contrary,  as  in 
experiment  12,  the  acid  in  A  is  strong  the  resulting  vibration 
will  be  strong,  the  quantity  of  fluid  liberated  will  be  large,  the 
current  o  o,  will  be  overpowered,  and  the  current  v  v,  flowing 
in  the  opposite  direction,  will  be  established.  We  also  see, 
why,  as  Mr.  Sturgeon  has  observed,  time  is  essential  even 
with  the  strong  acid  for  the  development  of  the  contrary 
current  v  v.  It  is  because  the  latter  is  the  creature  or  effect 
of  the  former  current. 

If  we  substitute  two  plates  of  zinc,  one  plain  a,  and  the 
other  amalgamated  6,  for  those  of  copper,  and  remove  the 
diaphragm,  employing  the  acid  solution  alone,  the  deflection 
of  the  needle  is  such  as  denotes  the  existence  of  the  current 
V  Vy  not  o  0,  although  the  negative  plate  a  becomes  oxidized, 
the  positive  plate  b  being  scarcely  acted  upon.  This  is  in 
direct  opposition  to  the  chemical  theory  of  electricity.  '  This 
experiment  appears  to  be  in  accordance  with  the  theory  of 
vibration,  and  its  generated  current,  v  v.  The  amalgam  of 
zinc  does  not,  as  might  at  first  be  supposed,  occupy  the  place 
of  the  copper,  the  negative  metal  in  the  standard  battery;  for 
we  are  informed  by  Jacobi  (Annals  of  Electricity,  pages  429 
and  431)  that  the  amalgams  are  positive  to  their  constituent 
metals.  According  to  this  view,  the  current  ought  to  pass  in 
the  direction  r  e?,  as  it  is  found  to  do  in  this  experiment. 

Objections,  That  when  water  instead  of  add  was 
employed  in  the  calorimotor,  by  its  action,  crystcUs  had 
been  produced  by  Mr.  Crosse.  In  this  experiment  owing  to 
the  weak  vibration,  the  heat  disengaged  will  be  so  smaU  as 
scarcely  to  interfere  with  the  action  of  the  battery  abstracting 
the  fluid  from  bodies,  owing  to  the  oxidizement  of  the  zinc. 
Hence  the  crystals. 

JVote. — Since  the  commencement  of  the  foregoing  paper,  I 
have  met  with  some  views  of  Mr.  Karsten,  of  Berlin,  of  the 
effects  of  electricity  by  contact,  which, are  highly  in  .ac- 
cordance with  those  advanced.  That  metals  and  probably 
all  solid  bodies  become  positively  electrified  when  immersed 
in  fluids.  That  a  solid  partially  immersed  in  a  fluid,  acquires 
electric  polarity;  the  part  n6t  immersed  being  negative,  and 
the  other  positive.  That  solid  bodies  differ  greatly  in  their 
electro-motive  power  in  regard  to  the  same  fluid ;  and  this 
difference  is  the  true  cause  of  the  electric,  chemical^  and 
magnetic  action  in  the  galvanic  circuit. 
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LV.  Spec^cation  of  a  Paten  tfor  the  application  of  Electro^ 
Magnetism  to  the  propelling  of  Machinery ;  granted  to 
Thomas  Davenport,  of  Brandon^  Rutland  County^ 
Vermont,  February,  1837.* 

Be  it  known,  that  I,  Thomas  Davenport,  of  the  Town  of 
Brandon,  in  the  County  of  Rutland,  and  State  of  Vermont, 
have  made  a  discovery,  being  an  application  of  magnetism, 
and  electro-magnetism,  for  propelling  machinery,  which  is 
described  as  follows,  reference  being  had  to  the  drawings  of 
the  same,  making  part  of  this  specification. 

The  machine  for  applying  the  power  of  magnetism,  and 
electro-magnetism,  is  described  as  follows  i  the  frame  A,  fig.  72 
Plate  IX,  may  be  made  of  a  circular,  or  any  other  figure 
divided  into  two,  or  more  platforms,  B  and  C,  upon  which  the 
apparatus  rests;  and  of  a  size  and  strength  adapted  for  the 
purpose  intended.  The  galvanic  battery,  D,  is  constructed 
by  placing  plates  of  copper  and  zinc,  alternately,  of  any  figure, 
in  a  vessel  of  diluted  acid:  there  are  two  conductors,  H  and  I, 
one  from  the  copper  and  one  from  the  zinc,  in  the  vessel  D, 
leading  to,  and  in  contact  with  copper  plates,  K  and  L,  placed 
upon  the  lower  platform.  These  plates,  or  conductors,  are 
made  in  the  form  of  a  segment  of  a  circle,  corresponding  in 
number  with  the  artificial  magnets  hereinafter  described;  they 
are  placed  around  the  shaft,  detached  from  one  another  ana 
from  the  shaft,  having  a  conductor,  leading  from  the  copper 
plate  of  the  battery,  to  one  of  said  plates  on  the  lower  platform, 
and  another  conductor  leading  from  the  zinc  plate  of  the  bat- 
tery, to  the  next  plate  on  the  said  lower  platform,  and  so  on 
alternately  (if  there  be  more  than  two  plates  on  said  lower 
platform)  around  the  circle. 

The  galvanic  magnets,  M,  N,  O,  P,  are  constructed  of  arms, 
or  pieces,  of  soft  iron  in  the  shape  of  a  straight  bar,  horse  shoe, 
or  any  other  figure,  wound  with  copper  wire  q,  first  insulated 
with  silk  between  tibe  coils:  these  arms  project  on  lines  from 
the  centre  of  a  vertical  shaft  R,  turning  on  a  pivot,  or  point, 
in  the  lower  platform ;  said  copjjer  wires  q,  q^  extending  from 
the  armspardlel.  Or  nearly  so,  with  the  shaft  down  to  the  cop- 
perplates, K  and  L,  and  in  contact  with  them. 

The  galvanic  magnets,  are  fixed  on  a  horizontal  wheel  of 
wood  V,  attached  to  the  shaft. 

The  artificial  Magnets  S,  T,  are  made  of  steel,  and  in  the 
usual  manner.     They  may  be  of  any  number,  and  degree  of 

*  From  the  Journal  of  the  Franklin  Institute. 
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strength,  and  fixed  on  the  upper  platform,  being  segments  of 
nearly  the  same  circle  as  this  platform;  or  if  galvanic  magnets 
are  used,  (which  may  be  done,)  they  may  be  made  in  the  form 
of  a  crescent,  or  horse  shoe,  with  their  poles  pointing  to  the 
shaft. 

Having  arranged  these  artificial  magnets,  on  the  top  of  the 
upper  circular  flatform,  there  will  be  a  corresponding  number 
of  magnetic  poles — the  north  marked  5,  and  the  south  pole  6. 
Now  we  will  suppose  the  machine  to  be  in  a  quiescent  state; 
the  galvanic  magnet.  No.  1,  being  opposite  the  south  pole  of 
the  artificial  magnets,  the  galvanic  magnet.  No.  3,  will,  of 
course,  be  opposite  the  south  pole.  No.  6,  and  the  galvanic 
magnets.  No.  2  and  4,  will  be  opposite  each  other,  between  the 
poles  just  mentioned. 

There  being  a  corresponding  number  of  copper  plates,  or 
conductors,  placed  below  the  artificial  magnets  around  the 
shaft,  but  detached  from  it^  as  well  as  from  each  other,  with 
wires  leading  firom  the  galvanic  magnets  to  these  plates,  and  in 
contact  with  them,  as  before  described,  these  wires  will  stand 
in  the  same  position,  in  relation  to  the  copper  plates,  that  the 
galvanic  magnets  stand  to  the  artificial  magnets,  but  in  contact 
with  the  plates. 

' .  Now  in  order  to  put  the  machine  in  motion,  the  galvanic 
magnet.  No.  2,  being  charged  by  the  galvanic  current  passing 
from  the  copper  plate  of  the  battery,  along  the  conductors  and 
wires,  becomes  a  north  pole,  whilst,  at  the  same  time,  the 
magnet,  No.  4,  is  charged  by  the  galvanic  current  passing  from 
the  zinc  plate  of  the  battery,  and  becomes  a  south  pole ;  of 
course  the  south  pole  of  the  artificial  magnet,  No.  6,  will  attract 
the  north  pole  of  the  galvanic  magnet,  No.  2,  and  will  move  it 
a  quarter  of  a  circle ;  the  south  pole  of  the  galvanic  magnet. 
No.  4,  being  at  the  same  time  attracted  by  the  north  pole.  No. 
5,  causes  the  same  magnet.  No.  4,  also  to  perform  a  quarter  of 
a  circle :  the  momentum  of  the  galvanic  arms  will  carry  them 
past  the  centre  of  the  poles.  No.  5  and  6,  at  which  time  the 
several  wires  from  the  galvanic  magnets,  will  have  changed 
their  positions  in  relation  to  the  copper  plates  or  conductors: — 
For  instance,  the  north  pdle.  No.  2,  havmg  now  become  a  south 
pole,  by  reason  of  its  wires  being  brought  in  contact  with  the 
conductors  of  the  zinc  plate,  and  No.  4  having,  in  like  manner, 
become  a  north  pole,  its  wire  having  changed  its  position  from 
the  zinc  plate  to  the  copper  plate,  the  poles  of  the  galvanic 
magnets  are,  of  course,  now  repelled  by  the  poles  that  before 
attracted  them ;  and  in  this  manner  the  operation  is  continued, 
producing  a  rotary  motion  in  the  shaft,  which  motion  is  con- 
veyed to  machinery,  for  the  purpose  of  propelling  the  same. 
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The  discovery  here  claimed,  and  desired  to  be  secured  by 
Letters  Patent,  consists  in  applying  magnetic  and  electro- 
magnetic power,  as  a  moving  principle  for  machinery,  in  the 
manner  above  described,  or  in  any  other  substantially  the  same 
in  principle. 

THOMAS  DAVENPORT. 

Remarks  by  the  Editor  of  the  Journal  of  the   Franklin 

Institute. 

The  subject  of  the  foregoing  specification  is  one  of  great 
interest,  and  it  has  arrested  a  corresponding  portion  of  public 
attention;  we  are  likely  soon,  therefore,  to  have  the  question 
solved,  whether  this  new  power  can  be  advantageously  applied 
to  the  propelling  of  machinery  as  a  subititute  for  the  steam 
engine.  Most  of  our  readers,  it  is  presumed,  have  seen  Pro- 
fessor Sillimau's  notice  of  Mr  Davenport's  machine,  published 
in  the  Journal  of  Science,  in  April  last,  which  contains  much 
information  respecting  the  attempts  which  had  been  made  for 
the  producing  of  motion  by  electro-magnetic  apparatus.  Since 
that  period,  advice  has  been  received  from  Europe,  showing 
that  experiments  upon  this  subject  are  in  progress  under  the 
direction  of  some  of  the  most  distinguished  philosophers  in 
various  portions  of  that  quarter  of  the  globe. 

We  do  not  know  by  whom,  or  at  what  date,  the  first  success- 
ful experiment  of  producing  a  direct  rotary  motion,  by  the 
electro-magnetic  apparatus,  upon  a  principle  analogous  to  that 
upon  which  Mr.  Davenport  has  prpceeded,  was  performed. 
As  early,  however,  as  June,  1833,  an  article  appeared  in  the 
London  Mechanics'  Magazine,  proposing  such  an  apparatus,  and 
giving  a  figure  of  one  which  it  was  supposed,  would  answer  the 
purpose ;  a  supposition  which  was,  undoubtedly,  well  founded. 
Not  long  after  this,  Mr.  Saxton,  we  believe,  produced  a  rotative 
machine  by  electro-magnetism,  but  we  are  not  informed 
respecting  its  particular  arrangements. 

The  history  of  the  production  of  the  machine  patented  by 
Mr.  Davenport,  is  the  history  of  the  successful  efibrts  of  an 
individual  who,  to  an  indomitable  perseverance,  must  have 
superadded  extraordinary  natural  abilities.  His  business  is 
that  of  a  blacksmith,  and  his  advantages  in  point  of  education 
were  not  greater  than  usually  falls  to  the  lot  of  persons 
in  country  places,  engaged  in  such  pursuits.  Accident 
brought  to  his  notice  one  of  Professor  Henry's  electro-magnets, 
which  he  eagerly  purchased,  under  a  conviction  that  he  could 
render  it  available  as  a  motive  power:  this  was  in  the  year 
1833,  and  in  July,  1834,  he  had  so  far  succeeded  as  to  produce 
a  rotative  machine;  and  this  he  effected  in  a  country  village^ 
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unaided  by  scientific  knowledge^  by  books^  or  by  the  encou- 
ragement of  men  of  superior  attainments,  or  with  kindred 
spirits.  Whatever  may  be  the  final  result  of  his  labours,  his 
merits  are  of  a  high  order,  and  he  has  proved  himself  well 
worthy  of  the  most  splendid  success.  Should  his  machine 
finally  accomplish  that  which  he  and  many  of  his  iriends 
anticipate,  its  value  will  be  incalculable,  for  although  he  may 
have  been  superseded  in  Europe,  his  claim  as  inventor  wiU 
undoubtedly  prove  valid  in  his  own  country,  and  ambition  need 
not  carry  him  beyond  it.  We  have  twice  seen  his  machine  in 
operation,  formerly  in  Kew  York,  and  recently  in  Washington, 
where  it  was  exhibited  to  the  President,  and  the  Heads  of 
Departments.  So  far  as  the  evidence  of  a  model  is  to  be  taken, 
its  performance  is  quite  satisfactory ;  and  Mr.  Davenport  is 
now  occupied  in  constructing  one  which  is  intended  to  drive  a 
Niapier  Press,  requiring  a  two-horse  power.  This,  should  it 
succeed,  will  be  a  fair  test  of  its  value,  and  we  confess  that, 
although  our  expectations  do  not  generally  partake  of  the 
sanguine  in  such  matters,  not  only  our  hopes,  but  we  may  say 
our  confidence,  has  increased  as  we  have  become  ^acquainted 
with  the  progress  of  the  experiments  which  are  being  carried 
on. 

We  are  well  aware,  that  should  it  be  eventually  proved,  that 
an  available  power  may  be  obtained,  which  may  be  substituted 
for  that  of  steam,  its  adoption  would  depend  entirely  upon  its 
economy,  with  respect  to  which  we  cannot  have  satisfactory 
data  until  a  machine  of  several  horses  power  shall  have  been 
produced;  the  probability,  however,  is,  that  the  cost  of  operating 
the  electro-magnetic  apparatus,  will  be  much  below  that  of 
the  steam  engine.* 

LVL     Extraordinary  case  of  electrical  excitement^  with 
preliminary  remarks  by  the  Editor,  f 

The  fects  stated  below,  by  my  request,  were  kindly  commu- 
nicated for  this  Journal  by  Dr.  Willard  Hosford,  a  respectable 
physician  of  Oxford,  New  Hampshire,  the  place  where  the 
occurrence  happened.  Being  in  that  place  in  September,  and 
finding  the  behef  in  the  fiicts  to  be  universal,  particularly  on 
the  part  of  persons  of  judgment  and  science,  (as  at  the  neigh- 
boring University,  Dartmouth, :  at  Hanover,  eighteen  mUes 
south,)  I  became  desirous  of  preserving  a  record  of  them. 

*  A  general^  ontline  of  the  history  of  Electro-magnetic  Engines 
will  be  given  in  the  next  number  of  the  "  Annals." 

+  From  Silliman's  American  Philosophical  Journal. 


Digitized  by 


Google 


Extraordinary  case  of  Electrical  Excitement.      351 

Dr.  Hosford  reinarks  in  the  letter  accompanying  his  com- 
munication, that  abundant  evidence  from  the  most  intelligent 
Srsons  is  at  hand  for  the  support  of  every  point  in  the  case, 
e  observes,  also,  that  the  appearance  of  the  aurora  during 
which  the  electrical  excitement  of  the  lady  took  place,  "  was 
precisely  the  same  as  that  described  by  some  gentlemen  at 
New  Haven." 

Speaking  of  it  Dr.  Hosford  adds,  that  *^  the  heavens  were 
lighted  with  a  crimson  aurora  of  such  uncommon  splendor,  as 
to  excite  no  ordinary  emotions  in  every  observer,  and  we  had, 
he  observes,  in  addition,  an  electrical  exhibition  much  less 
dazzling,  but  more  singular  and  to  the  parties  concerned  more 
interesting." 

A  lady  of  great  respectability,  during  the  evening  of  the 
25th  of  January,  1837,  the  time  when  the  aurora  occurred, 
became  suddenly  and  unconsciously  charged  with  electricity, 
and  she  gave  the  first  exhibition  of  this  power  in  passing  her 
hand  over  the  face  of  her  brother,  when,  to  the  astonishment 
of  both,  vivid  electrical  sparks  passed  to  it  from  the  end  of 
each  finger. 

The  fact  was  immediately  mentioned,  but  the  company  were 
so  sceptical  that  each  in  succession  required  for  conviction^ 
both  to  see  and  feel  the  spark.  On  entering  the  room  soon 
afterward,  the  combined  testimony  of  the  company  was 
insufficient  to  convince  me  of  the  fact  until  a  spark,  three 
fourths  of  an  inch  long,  passed  from  the  lady's  knuckle  to  my 
nose  causing  an  involuntary  recoil.  ITiis  power  continued 
with  augmented  force  from  the  25th  of  January  to  the  last  of 
February,  when  it  began  to  decline,  and  became  extinct  by 
the  middle  of  May. 

The  quantity  of  electricity  manifested  during  some  days 
was  much  more  than  on  others,  and  different  hours  were  often 
marked  by  a  like  variableness ;  but  it  is  believed,  that  under 
favorable  circumstances,  from  the  25th  of  January  to  the  1st 
of  the  following  April,  there  was  no  time  when  the  lady  was 
incapable  of  yielding  electrical  sparks. 

The  most  prominent  circumstances  which  appeared  to  add 
to  her  electrical  power,  were  an  atmosphere  of  about  80°  Fah., 
moderate  exercise,  tranquillity  of  mind,  and  social  enjoyment ; 
these,  severally  or  combined,  added  to  her  productive  power, 
while  the  reverse  diminished  it  precisely  in  the  same  ratio. 
Of  these,  a  high  temperature  evidently  had  the  greatest  effect, 
while  the  excitement  diminished  as  the  mercury  sunk,  and 
disappeared  before  it  reached  zero.  The  lady  thinks  fear 
alone  would  produce  the  same  effect  by  its  check  on  the  vital 
action. 
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We  had  no  evidence  that  the  barometrical  condition  of  the 
atmosphere  exerted  any  influence,  and  the  result  was  precisely 
the  same  whether  it  were  humid  or  arid. 

It  is  not  strange  that  the  lady  suffered  a  severe  mental 
perturbation  from  the  visitation  of  a  power  so  unexpected  and 
undesired,  in  addition  to  the  vexation  arising  from  her  involun- 
tarily giving  sparks  to  every  conducting  body,  that  came 
within  the  sphere  of  her  electrical  influence;  for  whatever  of 
the  iron  stove  or  its  appurtenances,  or  the  metallic  utensils  of 
her  work  box,  such  as  needles,  scissors,  knife,  pencil,  &c.  &c., 
she  had  occasion  to  lay  her  hands  upon,  first  received  a  spark, 
producing  a  consequent  twinge  at  the  point  of  contact. 

The  imperfection  of  her  insulator  is  to  be  regretted,  as  it 
was  only  the  common  Turkey  carpet  of  her  parlor,  and  it 
could  sustain  an  electrical  intensity  only  equal  to  giving  sparks 
one  and  a  half  inch  long ;  these  were,  however,  amply  sufficient 
to  satisfy  the  the  most  sceptical  observer,  of  the  existence  in 
or  about  her  system,  of  an  active  power  that  furnished  ^ 
uninterrupted  flow  of  the  electrical  fluid,  of  the  amount  of 
which,  perhaps  the  reader  may  obtain  a  very  definite  idea  by 
reflecting  upon  the  following  experiments.  When  her  finger 
was  brought  within  one  sixteenth  of  an  inch  of  a  metallic  body, 
a  spark  that  was  heard,  seen,  and  felt,  passed  every  second. 
When  she  was  seated  with  her  feet  on  the  stove-hearth  (of 
iron)  engaged  with  her  books,  with  no  motion  but  that  of 
breathing  and  the  turning  of  leaves,  then  three  or  more  sparks 
per  minute  would  pass  to  the  stove,  notwithstanding  the  insu- 
lation of  her  shoes  and  silk  hosiery.  Indeed,  her  easy  chair 
was  no  protection  from  these  inconveniences,  for  this  subtle 
agent  would  often  find  its  way  through  the  stuffing  and  cover- 
ing of  its  arms  to  its  steel  frame  work.  In  a  few  moments  she 
could  charge  other  persons  insulated  like  herself,  thus  enabling 
the  first  individual  to  piass  it  on  to  a  second,  and  the  second  to 
a  third. 

When  most  favorably  circumstanced,  four  sparks  per  minute, 
of  one  inch  and  a  half,  would  pass  from  the  end  of  her  finger 
to  a  brass  ball  on  the  stove ;  these  were  quite  brilliant,'  dis- 
tinctly seen  and  heard  in  any  part  of  a  large  room,  and  sharply 
felt  when  they  passed  to  another  person.  In  order  further  to 
test  the  strength  of  this  measure,  it  was  passed  to  the  balls  by 
four  persons  forming  a  line;  this,  however,  evidently  diminished 
its  intensity,  yet  the  spark  was  bright.* 

*  It  is  greatly  to  be  regretted  that  the  spark  had  not  been  re- 
ceived into  a  Leyden  bottle  until  it  would  accumulate  no  longer,  and 
then  transferred  to  a  line  of  persons  to  receive  the  shock. — ^Ed. 
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The  foregoing  experiments,  and  others  of  a  similar  kind^ 
were  indefinitely  repeated,  we  safely  say  hundreds  of  times, 
and  to  those  who  witnessed  the  exhibitions  they  were  perfectly 
satisfactory,  as  much  so  as  if  they  had  been  produced  by  an 
electrical  machine  and  the  electricity  accumulated  in  a  battery. 

The  lady  had  no  internal  evidence  of  this  faculty,  a  faculty 
sui  generis ;  it  was  manifest  to  her  only  in  the  phenomena  of 
its  leaving  her  by  sparks,  and  its  dissipation  was  imperceptible, 
while  walking  in  her  room  or  seated  in  a  common  chair,  even 
after  the  intensity  had  previously  arrived  at  the  point,  of  afford- 
ing one  and  a  half  inch  sparks. 

Neither  the  lady's  hair  or  silk,  so  far  as  was  noticed,  was 
ever  in  a  state  of  divergence ;  but  without  doubt  this  was  owing 
to  her  dress  being  thick  and  heavy,  and  to  her  hair  having 
been  laid  smooth  at  her  toilet  and  firmly  fixed  before  she 
appeared  upon  her  insulator. 

As  this  case  advanced,  and  supposing  the  electricity  to  have 
resulted  from  the  friction  of  her  silk,  I  directed  (after  a  few 
days)  an  entire  change  of  my  patient's  apparel,  believing  that 
the  substitution  of  one  of  cotton,  flannel,  &c.,  would  relieve  Jier 
from  her  electrical  inconveniences,*  and  at  the  same  time  a 
sister,  then  staying  with  her,  by  my  request,  assumed  her 
dress  or  a  precisely  similar  one ;  but  in  both  instances  the 
experiment  was  an  entire  failure,  for  it  neither  abated  the 
intensity  of  the  electrical  excitement  in  the  former  instance,  or 
produced  it  in  the  latter. 

My  next  conjecture  was,  that  the  electricity  resulted  from 
the  friction  of  her  flannels  on  the  surface,  but  this  suggestion 
was  soon  destroyed  when  at  my  next  visit  I  found  my  patient, 
although  in  a  free  perspiration,  still  highly  charged  with  the 
electrical  excitement.  And  now  if  it  is  difficult  to  believe  that 
this  is  a  product  of  the  animal  system,  it  is  hoped  that  the 
sceptics  will  tell  us  from  whence  it  came.f 

In  addition  to  the  ordinary  appurtenances  of  a  parlor,  it  may 
be  proper  to  add,  that  the  lady's  apartment  contained  a  beauti- 
ful cabinet  of  shells,  minerals,  and  foreign  curiosities. 

*  This  could  hardly  have  been  expected  from  non-conductors ; 
we  are  informed  that  the  lady  was  relieved  of  the  electricity  by  a 
free  communication  with  the  earth  by  a  good  conductor,  in  the 
manner  of  a  lightning  rod,  as  by  touching  the  stove  and  its  connec- 
tion with  the  earth  through  the  medium  of  the  chimney.. — Ed. 

+  It  appears  to  be  Dr.  Horsford's  opinion,  that  the  electricity 
was  not  caused  by  the  aurora  that  was  coincident  with  its  first 
appearance,  but  that  it  was,  in  some  wc^y,  an  appendage  of  the 
animal  system. — Ed, 

Vol.  II.— ;Vb.  11,  May,  1838.  2B 
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This  lady  is  the  wife  of  a  very  respectable  gentleman  of  this 
place ;  she  is  aged  about  thirty^  of  a  delicate  constituticmi 
nervous  temperament,  sedentary  habits,  usually  engaged  with 
her  books  or  needlework,  and  genercJly  enjoying  a  fine  flow  of 
spirits. 

She  has,  however,  never  been  in  sound  health,  but  has  pel- 
dom  been  confined  to  her  bed  by  sickness  even  for  a  day. 

During  the  past  two  years  she  has  suffered  several  attacks 
of  acute  rheumatism,  of  only  a  few  days'  continuance,  bat 
during  the  autumn,  and  the  part  of  winter  preceding  her 
electrical  development,  she  suffered  much  from  unseated 
neuralgia  in  the  various  parts  of  her  system,  and  was  particu- 
larly affected  in  the  cutis  vera,  in  isolated  patches ;  th^  sensa- 
tion produced  being  precisely  like  that  caused  by  the  application 
of  water  heated  to  the  point  a  little  short  o[  producing  vesica- 
tion ;  in  no  instance,  however,  did  it  produce  an  apparent 
hyperaamia,  but  about  the  last  of  December  a  retrocession  took 
place  of  this  peculiar  irritation,  to  the  mucous  membranes 
of  the  fauces,  oesophagus,  and  stomach,  there  producing  a 
very  apparent  hyperfemia,  and  attended,  during  the  exacerba- 
tions, with  burning  sensations  that  were  torturing  indeed;  and 
it  was  for  the  relief  of  these  symptoms  that  medical  means 
were  used,  but  it  was  found  no  easy  matter  to  overcome  this 
train  of  morbid  action. 

It  was  nearly  immaterial  what  medicines  were  used ;  no 
permanent  relief  was  obtained,  and  no  advantage  resulted  from 
the  use  of  the  alkalies,  or  their  varied  combinations.  In  a  few 
instances,  a  dose  of  the  acetate  of  morphine  was  given  to  secure 
a  night's  rest,  but  she  seldom  made  use  of  an  anodyne. 

Tlie  effervescing  soda  draught  being  very  acceptable  was 
freely  given — from  which,  in  addition  to  a  rigid  system  of 
dietetics,  the  influence  of  the  opening  spring,  and  the  vis 
medicatrix  naturae,  relief  came  of  her  electriced  vexations,  of 
most  of  her  neuragia,  and  other  corporeal  infirmities,  and  to 
this  lime,  a  much  better  state  of  health  has  been  enjoyed  Uian 
for  many  years. 
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LYII.  JVbte  on  a  kind  of  Icarus  presented  to  the  Acadwiy, 
at  the  Session  of  the  30M  of  October^  by  M.  Robbrton,* 
to  whom  Mr.  Crosse  had  communicated  it;  by  M.  Turpin^f 

Extract. 

The  acartis  of  Mr.  Crosse,  a  single  specimen  of  which  w$ui 
preserved  in  spirits  of  wine  contained  in  a  small  phial,  offered 
for  our  examination  the  fpUowing  characters. 

Seen  by  the  naked  eye,  when  enclosed  in  the  vessel,  it  appeared 
merely  as  a  whitish  speck,  which  from  its  specific  gravity 
always  occupied  the  bottom  of  the  phial. 

A  small  oval  body,  bristled  with  long  and  diverging  hairs, 
is  seen  by  means  of  a  lens. 

Taken  out  of  the  alcohol,  dried  as  much  as  possible,  and 
then  placed  between  two  plates  of  glass,  in  a  fine  bed  of  white 
varnish,  so  as  to  render  aliits  parts  more  transparent,  and  con- 
sequently more  easy  to  study,  we  submitted  it  to  th^  action  of 
the  microscope,  wmch  magnified  about  280  times. 

By  this  mode  of  observation  we  perceived  that  the  body  was 
of  an  oval  form,  the  belly  slightly  flattened,  and  the  back  very 
round,  particularly  towards  the  hind  part  of  the  body. 

The  skin  of  the  back  appeared  cnagrined,  or  as  strewed 
with  an  infinite  number  of  very  small  tubercles,  of  which  a 
certain  number,  larger  than  the  others,  distributed  here  and 
there,  serve  as  a  base  or  bulb  for  long  hairs  or  silks,  which  are 

f)laced  in  all  directions,  and  the  greater  part  of  which  are  at 
east  as  long  as  the  body  of  the  animal. 

All  these  hairs  fixed  and  raised  on  the  protuberant  back  of 
this  kind  of  acartts,  give  it  the  appearance  of  a  microscopic 
porcupine,  to  which  the  elongated  snout  also  contributes. 

We  have  not  been  able  to  discover,  by  transparency,  any 
trace  of  stomach,  ovary,  or  lateral  pulmonary  organs. 

TTie  anus  is  feebly  distinguishable  by  a  slight  inclination 
situated  in  the  direction  of  the  median  line,  ana  the  posterior 
part  of  the  abdomen. 

♦  Immediately  after  the  reading  of  this  note,  M.fRoberton  wrote  to 
us  that  the  jioarus  presented  by  him  to  the  Academy,  had  not  come 
directly  from  Mr.  Crotse  to  him^  but  by  M.  Buckland,  to  whom 
Mr.  Crosse  had  given  several  specimens ;  which,  at  we  might  8up«. 

pose,  offeree* '^       '       '  '      ^-" — ---^^ ^- — ° — ^ — 

of  this  kind, 

individual  pi ^^ ^  ,  ^ ,  _  _^  _  _^ 

the  egg  she  contained. 

+  From  the  Comptes  Bendus,  Ac,  November  IS,  1837.  Trans- 
lated by  Mn  J,  H.  Lang. 
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But  a  large  oval  Q%<g  is  very  clearly  seen,  like  these,  often 
to  the  amount  of  two,  three,  or  even  four,  which  are  seen  in 
the  tranparent  body  of  the  domestic  female  acari  of  cheese  and 
meal,*  and  in  those  of  the  same  sex,  of  the  acarus  of  the  human 
mange  ;t  as  is  shown  in  the  drawing  we  have  the  honour  to 
lay  before  the  Academy. 

This  egg,  both  ends  of  which  are  equal,  and  whose  length  is 
l-7th  of  a  millimetre,  is  so  far  remarkable,  that  it  is  found  in 
the  single  individual  sent  by  Mr.  Crosse,  as  if  chance  had  in- 
tended to  furnish  us  with  a  material  proof  of  the  manner  of 
reproduction,  well  known  amons^  the  Acarians,  of  this  acarus 
which  is  thought  to  be  produced  at  pleasure,  without  a  mother 
preceding  it,  and  by  the  aid  only  of  elementary  molecules 
floating  in  the  space. 

From  the  front  part  of  the  body  emanates  an  elongated 
snoutish  head,  very  difficult  to  study  in  its  composition;  but 
in  which  we  can  clearly  see  an  upper  lip  sloping  to  its  extre- 
mity, under  which  is  situated  a  tongue  in  the  form  of  a  stiletto; 
and  beneath  which  again,  but  situated  laterally,  are  perceived 
two  laree  moveablejaws,  pointed  and  slightly  bent  from  with- 
out and  within.  J  Further  in,  and  directed  m  the  same  way, 
appear  two  palpes,  shorter  than  the  jaws,  and  almost  hidden 
by  thfem  and  the  lip  which  protects  them. 

Having  only  a  single  individual  at  our  disposal,  it  was 
impossible  for  us  to  prove  the  existence  of  an  under  lip,  so 
large  and  apparent  in  the  acarus  of  the  human  scab. 

We  have  not  been  more  fortunate  with  regard  to  the  two 
small  smooth  eyes,  situated  on  the  neck  of  the  species  of  this 
genus. 

From  a  sort  of  elongated  narrow  breast  bone  proceed  eight 
appendicular  locomotive  members,  joined  and  directed,  the 
four  anterior  ones  before,  and  the  four  posterior  ones  behind. 
They  are  all  composed  of  the  same  number  of  pieces ;  but  one 
thing  which  may  be  remarked  in  many  insects,  arachnides 
and  crustaceSy  the  two  pair  of  anterior  paws  are  shorter,  thicker, 
and  more  robust  than  the  inferior  ones,  which  are  longer,  and 
at  the  same  time  more  slim.  This  difference,  scarcely  percep- 
tible in  the  acari  of  cheese  and  meal,  is  very  great  in  the 
acarus  of  the  human  scab,  when,  without  an  attentive  exami- 
nation, we  should  be  almost  tempted  to  see  different  organs  in 
the  two  posterior  pair  of  paws,  which,  in  fact,  are  only  rudi^ 
jnentary. 

♦  Acarus  siro. — Fab. 

+  Acarus  scabid. — Fab. 

X  It  is  probable  these  jaws  terminate  in  a  point. 
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-  Each  of  the  eight  limbs  of  the  acarus  sent  by  Mr.  Crosse, 
was  formed  of  seven  joints,  exclusive  of  the  tarsus ;  a  first, 
which  is  triangular  ana  may  be  considered  as  the  hip;  a  second 
and  third,  longer  than  the  hip ;  a  fourth,  longer  than  the  two 
preceding  ones ;  a  fifth,  shorter  than  the  fourth ;  a  sixth  and 
seventh,  longer  and  thinner  than  the  others,  and  the  latter  of 
which  terminated  by  a  small  transparent  tarsus,which  appeared 
to  us  bi-lobed,  and  provided  with  a  single  claw  bent  under- 
neath. 

On  the  upper  edge  of  the  joints,  with  the  exception  of  that 
forming  the  hip,  were  found  one  or  two  straight  hairs. 

The  real  length  of  the  body  and  head  was  half  a  millimetre. 

The  arachnide  of  Mr.  Crosse  appears  to  constitute  a  new 
species  of  the  acarics  race.  The  species  described  and  figured, 
to  which  it  nearest  approaches,  are  those  of  cheese  and  meal^ 
and  perhaps  more  particularly  the  acarus  dimidiatus  of  Her- 
mann.* It  difiers  from  the  two  first  by  the  absence  of  the 
false  corslet,  by  the  two  longest  and  most  slender  joints 
which  precede  the  tarsus,  the  form  of  the  body  which  is 
more  oval,  shorter,  and  more  bent,  and  finally  by  the  nu- 
merous and  long  hairs  which  cover  the  whole  of  the  back.  It 
is  distinguished  from  the  acarus  dimidiatus,  which  lias  a 
spherical  body,  with  an  appearance  of  corslet  more  coloured 
than  the  rest  of  the  abdomen,  by  the  want  of  small  short  hairs 
which  cover  the  surface  of  the  eight  appendicular  limbs  of  the 
latter;  but  it  approaches  it  by  the  numerous  hairs  which  cover 
in  rays  the  whole  of  the  back. 

Thus  far  we  have  strictly  confined  ourselves  to  natural  his- 
tory. We  have  observed,  described,  drawn,  counted,  and 
measured  all  the  constituent  parts  of  this  little  animal.  We 
have,  by  this  means,  proved  that  the  small  phial  presented  to 
the  Academy  by  M.  Roberton,  contained  the  animalcule  or 
acartcs  spoken  of;  which  also  might  be  seen  at  a  simple 
view  as  a  whitish  point. 

We  may  now  say  something  on  the  singular  origin,  and 
more  on  the  singular  fabrication  of  so  complicated  an  animal, 
although  microscopic,  so  exalted  in  the  organic  scale,  and 
whose  structure,  as  we  have  seen,  is  composed  of  1st.  a  body ; 
2d.  a  head,  formed  of  two  lips,  two  jaws,  two  palp^,  a  sucker, 
a  mouth,  and  two  eyes ;  3d.  a  stomach  and  an  anus;  4th.  two 
lateral  pulmonary  organs  ;t  5th.  an  ovary,  containing  eggs, 

♦  Hermann.  Mem,  apt,  VI,  4. 

+  The  contraction  of  the  animal,  for  some  time  immersed  in 
alcohol,  prevented  us  fix>m  distinctly  seeing  the  eyes  and  pulmonary 
organs. 
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in  the  female  ones;  6th.  eight  appendicular  limbs,  each  com- 
posed  of  eight  joints,  including  the  tarsus ;  7th.  a  skin  bristled 
with  long  and  numerous  hairs. 

As  we  see  it,  we  could  scarcely  increase  the  complication  of 
this  animal;  though  in  addition  to  what  we  have  lust  said^  there 
are  distinct  sexes;  among  which  there  is  a  coupling  and 
fecundation  necessary  for  the  reproduction  of  indiviouaisof  the 
species^  and  consequently  we  must  admit  there  are  genital 
organs;  and,  finally,  the  females  make  and  lay  eggs,  whence 
the  young  ones  are  hatched,  which  at  first  have  only  six  claws, 
until,  changing  their  skin,  they  show  two  more,  whiqh  were 
developed  by  degrees  under  this  cutaneous  skin. 

Before  attempting  to  make  animals  as  complicated  as  the 
cLcarui,  let  us  only  try  to  create  or  obtain  globules  of  Pro- 
tespheries,  and  filaments  of  Protonemes  ;*  the  two  organic 
productions,  which  appear  to  us  the  most  simple  of  the  organic 
reign,  which  are  the  commencement  of  organization ;  and 
which  mark  the  moment  that  matter  globuli^res  and  arranges 
itself,  to  serve  the  next  instant  for  the  formation  or  texture  of 
different  tissular  masses  of  all  other  beings,  whether  vegetable 
or  animal. 

In  tiiese  extremely  simple  globules  and  filaments,  no  interior 
granulation  can  be  perceived,  able  to  serve  for  their  reproduce 
tion..  Hence  we  may,  perhaps,  believe  that  these  two  sorts 
of  'beings,  really  elementary  for  those  of  a  superior  order, 
are  organized  productions,  formed  immediately  from  the 
matter.  But  wno  can  assure  us  that  these  Protospheries  and 
Protonemes  do  not  contain  reproductive  globules,which  escape 
the  action  even  of  our  most  powerful  microscopes ;  or  also, 
which  will  almost  come  to  the  same  thing,  who  can  say  that 
these  vegetables,  so  simple  and  at  the  same  time  so  small,  are 
not  divided  into  particles  immediately  the  life  of  association 
abandons  them ;  so  that  each  of  the  particles,  animated  with 
a  new  and  independent  life,  becomes  a  sort  of  slip  which 

•  Protospharia  simplex,  Turp.  Protonema  simplex,  Turp.  jDic- 
tionnaire  des  Sciences  M'aturelles,  Botanic  Atlai,  Vol.  IL  Plate  III. 
At  present  we  possess,  in  a  living  state,  a  considerable  number  of 
^lamentous  Protonemes,  which  vegetate  confiisedly  with  Mamatom 
coccus  and  Heterocairpello  geminata. 

We  shall  do  ourselves  ffreat  pleasure  in  showing  them  under  the 
microscope,  to  persons  who  may  wish  to  see  one  of  the  two  orgran- 
ized  beings,  the  most  simple  of  the  organic  reign,  with  regara  to 
man.  which  is  its  most  compound. 

Tne  Protonemes  are  complete  beings  in  their  species ;  they  ar^ 
not  a  thallus  or  stock  preceding  or  preparing  a  terminal  finicttfica* 
tion,  such  as,  for  example,  the  byssus  of  the  mushroom. 
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reproduces  the  species.  If  these  are  only  suppositions^  they 
have  at  least  the  merit  of  being  in  perfect  accordance  with 
what  everywhere  takes  place^  besides  these  two  single  pro- 
ductions. 

All  our  microscopic  studies  on  organized  beings^  whether 
vegetable  or  animal,  the  smallest  in  tneir  dimensions,  as  well 
as  the  simplest  in  their  structure,  have  always  shown  us  that 
their  mode  of  reproduction  was  entirely  submitted  to  the 
power  of  a  similar  mother  which,  alone,  can,  by  placing  her 
nutritive  materials  inspace^  conceal  herself  in  a  destined  germ, 
by  insulation,  for  the  reproduction  and  maintenance  of  the 
species. 

It  is  thus,  that,  in  proportion  as  we  further  study  organized 
beings  comparatively,  and  as  we  approach  the  smallest  by  the 
aid  of  the  microscope,  we  see  these  numerous  presumed 
spontaneous  generations  successively  disappear,  sprung  from 
imantoms  which  could  not  support  the  light  of  a  true  and 
constant  observation. 

From  our  own  knowledge,  acquired  by  a  lone  series  of 
labours,  in  organization  and  physiology,  we  should  say  that 
the  means  which  Mr.  Crosse  has  employed,  even  supposing 
them  in  this  case  indispensable  to  the  appearance  of  the  animal, 
have  only  been  simple  stimulants,  wnich,  like  those  which 
excite  and  favour  the  germination  of  a  grain  of  wheat,  have 
hastened  the  hatching  of  the  eggs,  similar  to  those  contained 
by  the  female  individual  sent  by  Mr.  Crosse  himself;  eggs 
which  were  lain  or  brought  on  the  surfiice  of  the  Vesuvian 
stones  used  in  the  experiment.- 

Ignorant  of  the  works  written  by  Mr.  Crosse,  on  the  arti^ 
ficial  and  voluntary  production  of  his  acarus,  we  do  not  know 
whether  the  animal  comes  from  the  experiment  in  its  most 
con^lete  state,  or  whether,  as  would  be  more  in  accordance 
with  the  law  presiding  over  the  development  of  all  organized 
beings,  it  passes  through  all  the  phases  of  developments  and 
metamorphoses  we  so  well  know  among  all  species  of  acarus. 
If,  in  the  experiment,  it  begins  by  being  only  a  point,  then  a 
globule,  then  an  egg,  afterwards  a  young  acarus,  having  as 
yet  only  six  claws,  and  finally  a  perfect  acarus  with  eight, 
nude  or  fen^ale  without  eggs,  or  containing  some  like  that  in 
the  figure  which  we  have  had  the  honour  to  show  the  Academy. 
But  in  this  way  of  viewing  the  fabrication  of  Mr.  Crosse's 
acarus,  there  would  still  remain  a  very  great  difficulty — that  of 
knowing  where  and  how  these  animals,  naturally  so  voracious, 
would  find  the  nourishment  necessary  for  their  development ; 
for  organized  beings  can  only  increase  in  size  and  weight,  by 
taking  the  nutritive  matter  which  they  find  about  them,  ana 
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assimilating   it   themselves,   by   a  mysterious  power  which 
belongs  to  them. 

Explanation  of  the  Plate. 

Plate  X. — The  animal  seen  under  the  microscope. 

LVIII.  Facts  and  Observatichis  fbr  the  purpdse  of  illus* 
trating  a  Theory^  intended  to  connect  the  Operations 
of  JVature,  upon  general  principles.     By  Paul  Cooper, 

Esq. 

'*   * 

46.  In  my  last  paper^  I  endeavoured  to  Bhdw  that  maiiy 
of  the  phenomena  of  common  electricity  are  conaected  witb 
what  I  have  there  called  the  resistance  to  derangement ;  bub 
the  effects  of  this  resistance  are  not  confined  Jto  ooma^n 
electricity,  the  same  principles  having  the  moBt  impoBrtant 
influence,  both  in  galvanic  and  elecfero-ohemical  action. 

47.  ^^  It  had  long  been  suspected,  rather  than  proved,  that* 
a  feeble  degree  of  electricity  is  evolved  by  the.ccmtaot  oi 
collision  of  different  metals:   but  this  importioEit'.^ott  wa&> 
established  in  the  clearest  manner  by  Volta,  about  the  yeai^^ 
1801.     The  apparatus  he  employed  in  his  inrestigalMKaft  oi 
this  subject,  consisted  of  two  discs,  the  ona  of  zinc,  the  mother  t 
of  copper,  rather  more  than  two  inches  in  disuneter,  ground 
perfectly  plain,  and  having  in  their  centres  insulating  handles 
perpendicular  to  their  surlEtce,  by  means  of  which  the  plates 
could  be  brought  into  contact,  without  being  actua%  touched 
with  the  hand.     With  this  precaution  jthexiiscs  wei^inade  to 
approach  till  they  touched  one  another;  they  were^theln  sepa- 
rated, by  keeping  them  parallel  as  they  w«re  4mwn'  back. 
The  electricity  they  possessed  after  this  sepatBtion  was: then 
examined  by  means  of  a  condemser ;  and  it  was  oiaastantly 
found  that  the  cqpper  disc  charged  the  covdenaer  witdi^negia^, 
tive,  and  the  zinc  disc  with  positive  ekotricltiy, »   Thus  ittwa», 
established  as  a  genesal  &ct,  thaithe£»  two  watals^  insulated, 
and  in  their  natural  state,  aretbrou^t,,  by  j»utU9i  ccmtact,: 
into  opposite  electrical  stiites;  <  thm  zino  .acquiriiig  positiiite 
electricity,  and  tlMK  ocqqper  becoming,  in  an  equal  degxee^i 
negative.*'t  /.  *J    t),         /v^^* 

48.  This -eicperiment,  in  <i^hich^am^felectrie^:cui»en|  ift 
produced  by  the  contact  cf.disaim^  .  me talsydtfiplays  ^he 
foundation  of  Galvanism ;  as  the  contact  of  the  glasa  cylinder 

♦  Annals,  Vol.  I.  p,  444. .  .  .  :/.,'■* 

-f  library  of  Useful  Knowledge,  Electricity,  203L 
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with  the  rubber  of  an  electrical  machine^  bodies  possessing 
different  electrical  forces,  exhibits  the  foundation  of  electri- 
city (15) :  the  only  difference  in  the  two  experiments  is,  that 
in  the  former,  both  the  bodies  are  conductors,  and  in  the 
latter,  one  is  a  conductor  and  the  other  a  non-conductor  of  the 
fluid,  the  equilibrium  of  which  is,  in  both  cases,  disturbed  by 
the  forces  which  are  brought  into  action. 

49.  When  a  plate  of  zinc  is  brought  into  contact  with  a 
plate  of  copper,  the  former  being  positive  to  the  latter,  the 
atmospheres  (10)  of  the  atoms  of  the  two  plates,  whatever  may 
be  their  number,  will  assume  the  form  represented  by  sections, 
perpendicular  to  the  surface  of  the  plates,  in  fig.  76,  Rate  XL* 

The  light  which  forms  the  atmospheres  of  the  atoms  of  the 
zinc  plate  flows  towards  the  copper ;  because  the  atmosphere  of 
the  atom  of  zinc,  C,  meets  a  force  of  less  resistance  in  the  at- 
mosphere of  D,  the  atom  of  copper  with  which  it  is  in  contact, 
than  the  force  by  which  it  is  propelled  towards  it  by  the  atmos- 
phere of  B,with  which  it  is  also  in  contact ;  but  the  atoms.  A,  B, 
C,  &c.,  of  the  zinc  plate  are  so  connected  with  each  other,  that 
no  change  can  take  place  in  the  atmosphere  of  C  without  a 
corresponding  change  in  the  atmospheres  of  A  and  B;  and 
the  whole  will  simultaneously  assume  the  form  represented  in 
the  figure.  It  is  necessary  to  observe  that  the  light  which 
forms  these  atlnospheres,  although  it  has  the  power  to  move 
from  one  side  to  the  opposite  side  of  its  own  atom,  so  as  to 
render  these  sides  positive  and  negative  in  comparison  with 
each  other,  cannot  quit  the  atom  to  which  it  belongs ;  except 
in  a  trifling  degree,  under  circumstances  which  it  will  be  one 
of  the  objects  of  this  paper  to  explain. 

50.  If  we  now  turn  our  attention  to  the  copper  plate,  we 
shall  find  that  the  circumstances  are  exactly  reversed ;  the 
atmosphere  of  the  atom,  D,  finding  less  resistance  in  the 
atmosphere  of  E  than  in  the  atmosphere  of  C,  by  which  it  is 
propelled  towards  it,  flows  in  this  direction,  and  becomes 
positive  towards  E.  The  positive  surface  of  D,  now  becomes 
the  propelling  force  as  it  regards  E,  while  the  atmosphere  of 
F  forms  the  resisting  force;  but  F,  in  its  natural  state  is 
inferior  to  the  positive  force  of  D,  and,  consequently,  E 
becomes  positive  towards  F.  The  same  may  be  said  of  F, 
and  any  other  atoms,  G,  H,  &c.  which  may  follow  in  the  cop- 
per plate,  until  we  arrive  at  the  surface*  These  actions,  as 
we  have  before  observed  with  regard  to  the  zinc  plate,  take 
place  simultaneously. 

♦  Plate  XI.  will  appear  with  the  next  number. 
Vol.  II.— a  0.  11,  May,  1838.  2  C 
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51.  Whatever,  liierefore,  may  be  ike  depth  of  the  two 
plates^  provided  it  be  not  sufBcient  to  exhaust  tbe  deraagiog 
foroe,  the  external  sarface  of  the  zinc  must  be  negative^  and 
the  srirftice  in  contact  with  the  copper  positive;  •whih^,  on  the 
contrary,  the  svEtfsLce  of  the  4x>pper  in  contact  with  the  ainc 
must  be  negative,  and  its  external  stlrfaee  poistitivjs;  aond  the 
atoms  of  both  plates  will  present,  altematdy,  positive  aad 
negative  surfaces  throughout  t^e  series. 

52.  It  is  evident,  however,  that  the  deranging  i^afluence  ©f 
the  two  plates  must  be  lessened  in  force  as  we  proceed  from 
the  surfaces  in  contact  towards  the  external  surfaces ;  for  they 
might  be  of  such  a  thickness  as  would  completely  exhai£»t  ilelle 
force,  and  leave  their  distant  surfaces  in  a  natural  state.  The 
decay  of  force  must,  consequently,  be  gradual;  B,  in  the  zine 
plate,  must  be  less  deranged  tiuin  C,  and  A  less  than  B;  it 
follows,  that  the  positive  Bur&ce  of  B  must  be  exposed  to  a 
greater  deranging  force  from  C,  than  its  negative  surface  is 
from  the  more  distant  atom  A,  and  that  it  wiU  consequently 
be  charged  positively  in  a  higher  degree  than  it  is  charged 
negatively.  The  same  may  be  said  of  C^  afnd  -of  every  other 
atom  in  the  zinc  plate.  If  we  turn  to  the  c<^er,  we  shall  find 
the  circumstances  similar,  but  reversed;  the  negative  siarfaep 
of  the  atom  E,  for  instance,  is  exposed  to  the  deranging  influ- 
ence of  the  atom  D,  which  is  in  contact  with  the  zinc,  and  its 
positive  surface  to  the  less  powerful,  because  mote  distant, 
atom  F;  it  will,  therefore,  be  charged  negatively  in  a  higher 
degree  than  it  is  charged  positively;  and  the -same  may  be 
said  of  every  other  atom  in  the  copper  plate.  Now,  -aB  the 
atoms  of  the  zinc  plate  are  charged  positively  in  a  highea? 
degree  than  they  are  charged  negatively,  it  follows,  that  this 
plate  will  require  a  greater  quantity  of  light  than  natural^ 
belongs  to  it ;  and  as  the  atoms  of  the  copp^  plate  are  chai^ged 
negatively  in  a  higher  degree  than  they  are  charged  paiitively« 
the  copper  plate  must  have  a  quaatitv  of  light  to  dispose  -cf  ; 
the  plates,  then  being  in  contact,  and  conductors,  wiU  arrive 
at  a  state  of  equilibrium  with  the  force  in  action,  by  a  tmittfer 
from  one  to  the  other  (23). 

53.  It  is  not,  therefore,  the  derangement  of  the  atoms  of 
the  two  plates  which  produce  the  transfer  of  Kght  from  one  to 
the  other  (47),  but  the  unequal  derangement  of  their  positive 
and  negative  surfaces ;  for  if  the  atoms  were  charged  positively 
in  the  same  degree  that  they  are  charged  negative^,  and  as 
they  would  be  if  there  was  no  resistance  to  it,  the  one  would 
exactly  compensate  the  other.  If  the  derangement  of  the  atoms, 
without  the  consideration  of  its  inequality  upon  their  opposite 
surfaces,  produced  a  greater  or  a  less  capacity  for  Kght,  it  ought 
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to  be  the  same  in  botb  plates^  and  not  greater  in  on^  and  less 
in  the  other^  as  we  find  it;  because  tbe  atoms  of  bot^  plates 
9.re  depranged  ixx  a  similar  manneir. 

54.  It  may  be  stated  as, a  general  law,  that  wh^^  twp 
surfaces^  in  different  electrical  states^  ai^e  brought  into  contact^ 
theore  is  a  disposition,  attended  by  a  certain  force,  to  transfer 
%ht  from  the  negative  to  Uxe  positive  surface;  ^nd  that  the 
transfer  in  every  such  case  is  made  accordingly,  unless  it  be 
opposed  by  an  equal  or  a  superior  force. 

55.  The  resistance  to  derangement,  which  causes  the  un-. 
equal  <^harging  of  the  ppsitive  and  neg^tiv^  surfaces  of  the 
same  atom,  arises  prinqipaUy  from  the  external  surfaces  of  the 
plfttes  beipg  in  contact  with  a  bo4y  <the  atmosphere)  which, 
in  consequence  of  its  being  a  no;i-ccmductor,  refuses  to  assume 
ft  corresponding  state  of  derangement ;  and  it  requires  very 
little  penetration  to  discover  upon  looking  at  the  ^gure,  ;that; 
if  we  could  bring  F  and  A  into  cont^,  the  res^stfmce  arising 
from  this  cause  would  be  completely  irenioved  by  their  exact 
correspondence  with  each  other.  But  the  fact,  that  if  we 
brkig  A  into  communication  with  F,  by  means  of  a  slender, 
wire,  W,  supposing  A  and  F  to  be  parts  of  extended  surfaces, 
the  effect  will  be  nearly  the  ^a^ne  aip  by  bringing  tl^iese  surr 
faces  into  actual  contact,  is  what  theory  could  scarcely  have 
predicted.     Yet  such  is  the  case. 

56.  When  we  bring  C  and  D  into  .contact,  there  is  a 
transfer  of  light  from  the  copper  to  the  zinc,  in  consequeiice 
of  the  resistance  to  ders^igement  in  the  plates ;  and  when  we 
bring  A  and  F  into  contact,  or,  which  i^  effect  is  the  same 
thing,  when  we  connect  the  surfaces  represented  by  A  and  F, 
by  means  of  the  wire  W,  there  is  a  cvirrent  from  the  zinc  to 
tie  copper,  in  consequence  of  the  removs^l  of  this  resistance.^ 
It  is  probable,  that  when  the  reaistai^ce  to  derangement  is 
remoy^d  by  completiAg  the  circuit,  there  is  a  further  transfer, 
of  light  from  the  copper  to  the  zinc  ;  and,  if  so,  th6  current 
which  passes  through  W,  is  equal  * 

transfers.  Although  the  currents 
from  opposite  causes,  the  one  from 
ment,  and  the  pther  from  ..the  remc 
are,  in  both  cases,  in  accordance 
from  a  negative  to  a  positive  surfi 
however,  that  to  render  this  la^ 
must  take  into  consideration  the  si 
are  induced  by  the  action  upon  eac 
bodies  included  in  the  circuit.  1 
hring  F  and  A  into  actual  contact 
the  mutual  action  of  the  zinc  and 
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57.  It  has  been  usually  supposed,  that  upon  completing 
the  circuit,  the  plates  are  brought  into  a  natural  state:  but  it 
will  be  found  that,  so  far  from  this  being  the  case,  the  atoms 
of  both  plates  are  more  highly  deranged,  not  only  by  the  re- 
moval of  i*esistance  (55),  but,  in  all  probability,  by  the  in- 
ductive influence  of  the  surfaces  upon  each  other;  for  when  F 
is  brought  into  communication  with  A,  the  positive  force  of 
the  former  will  produce  the  same  effect  iti  relation  to  the  ne- 
gative force  of  the  latter,  that  the  positive  force  of  C  exercises 
upon  the  negative  force  of  D,  on  the  opposite  surfaces  of  the 
plates.*  \^en  the  surfaces  C  and  D  are  simply  brought  int6 
contact,  the  atoms  of  the  plates  are  deranged  in  the  same 
manner  as  the  cylinder  ana  rubber  of  an  electrical  machine, 
and  the  light  is  transferred  from  one  to  the  other  in  conse- 
quence of  the  resistance  to  derangement  in  both  cases  (15); 
out  when  the  circuit  is  completed,  this  resistance  being  re- 
moved, every  atom  in  the  two  plates  is  charged  positively  in 
the  same  degree  that  it  is  charged  negatively,  precisely  like 
a  Leyden  jar.  The  plates  if  separated  when  in  the  former 
state  will  be  positively  and  negatively  chtoffed;  while,  if  they 
are  separatea  in  the  latter  state,  they  will  become  neutral, 
because  the  opposite  surfaces  of  the  atoms  will  compensate 
each  other. 

58.  If  the  wire  W  acted  merely  as  a  conductor  o^  the 
electric  fluid,  or  light,  to  bring  the  plates  to  a  natural  state, 
upon  the  same  principle  that  we  discharge  a  Leyden  jar,  the 
equilibrium  bemg  once  established  would  continue;  but  we 
find  that  this  is  not  the  case,  for  upon  breaking  the  circuit  by 
the  removal  of  the  wire,  the  plates  return  to  their  previous 
state,  and  are  again  prepared  to  transmit  the  same  quantity 
of  light  as  before,  upon  its  being  replaced  (60). 

59.  The  transfer  of  light  from  the  negative  to  the  positive 
surfece  upon  the  first  contact  of  the  metals  and  upon  com- 
pleting the  circuit,  are  both  entirely  independent  of  chemical 
action,  and  they  form  what  I^propose  to  call  Galvanic  currents; 

♦  If  A  and  F  were  brought  into  actual  contact,  the  equal  forces 
on  the  opposite  surfkces  of  the  plates  would,  perhaps,  neutralize 
each  other ;  to  prevent  this,  the  surfiiceS  A  and  P  aiie  usually  con- 
nected by  a  conductor  somewhat  inferior  to  that  by  which  C  and 
D  communieate  wi^  tBck  other.  In  Ihe  dry  galvanic  pile,  the  sur- 
faces of  the  metals  ase  placed  m  contoet  mi  one  side  and  separated 
by  films  of  paper  on  the  other;  in  the  present  case,  which  is 
intended  merely  to  show  the-  principle  of  action,  I  have  supposed 
the  wire  to  be  a  sufficiently  infierior  conductor  from  A  to  F,  com- 
pared with  the  actual  contact  of  C  and  D,  to  produce  the  same 
effect  (108.  171). 
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to  distinguish  them  frpm  the  currents  produced  by  chemical 
action,  which  I  propose  to  pall  Vojtaict  currents,  'f'he  force 
by  which  these  currents  are,  put  in  niotion^  wl^icjx  I  ^h^H  <»!! 
the  electro-motive. force,  increases  with  th^e,  increased  dif- 
ference of  electrical  force  in  the  two  siprfiM?es.  brought  into 
contact. 

60.  If  we  charge  a  plotte  of  gl^iss  with  common  electricity, 
and  then  brin^  it  into  cantact,)ifith  a  plajte  of  metal,  the  atoms 
of  the  metal  will  instantly  assum<»  the  same  state  of  derange- 
ment as  tne  glasa;  but  if  we  bring  a  second  plate  of  glass  into 
contact  with  the.pbarg)ed  plate,  it  is  well  known  that  it  will 
not  assume  tbis  states  except  in  a  very  slight  degree,  because 
the  glass  is  a  non,- conductor.  Let,  then,  mis  second  plate  of 
glass  be  coated  on  both  sides,  so  as  to  preserve  its  inijulation, 
and  while  it  is  under  the  inductive  influence  of  the  charged 
plate,  let  its  two  surfaces  be  brought  into  communication  by 
means  of  a  conductor,  when  the  second  plate  of  glass  and  its 
coatings  will  be  charg^d^  in  an  equal  degree,  positively  and 
negativ:ely  upon  its  opposite  surfaces,  by  the  means  which  Jore 
usually  adopted  to  discharge  it  (19).  It  does  not  follow  then> 
because  there  13  a  current,  upon  completing  the  circuit,  in  the 
two  plates  of  metal,  that  the  plates  must  be  brought  to  a 
natural  state ;  for  while  t^e  metallic  surface;^  are  in  contact 
their  electrical  forces  are  in  action  upon  each  other,  and  it  is 
as  improbable  that  we  can  discharge  them  under  these  cir- 
cumstances>  as  that  we  can  discharge  the  second  plate  of  glass, 
while  it  remains  under  the  inductive  influence  of  the  first,  by 
repetitipn  of  the  means  we  have  just  adopted  to  charge  it  (58), 

61.  There  is  other  evidence  that  wnen.the  circuit  is  com- 
pleted the  plates  are  not  in  a  natural  state ;  and  we  may 
notice  as  an  instance  of  it,  that,  although,  under  these  circum- 
stances all  galvanic  action  is  suspended,  the  plates  are  much 
more  fully  prepared  for  chemical  action  than .  when  their 
external  surfaces  a^^e  unconnected  >  and  this  brings  ws  to  one 
of  our  principal  objects — the  nature  of  this  preparation. 

62.  But,  before  we  proceed^  ').\  is  necessary  to  ccw^rect 
another  very  prevailing  mistake.  Zinc  was  known  to  be 
positive  to  copper, .and  as  positive  and  negative  bodies  ar© 
observed  to  attract  each  .otber ^  it  was  very  natural  to  infer  that 
those  elenoentft  which  were  separated  at  the  sine  suf£ace  were 
negative,  and  that  those  whi^  wetetransifiNTed  to  the  copper 
sur^ce  were  positive ;  but,  if  our  theory  be  correct,  each  of 
these  metals,  when  plates  formed  of  them  ate  brought  into 
contact,  tave' positive  and  negative  surfiices;  and,  although 
zinc  is  the  pibsitive  metal,  the  surfacJe  which  submits  to  che- 
mical action  is  negative  >  while  the  surfece  of  the  copper,  witb 
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-which  the  circuit  is  completed^  eu 
of  the  electrolyte  ifr  tranfiferre 
Hence  we  conclude^  tliat  oi^ygei 
which  are  deposited  at  the  surfc 
and  that  the  class  of  bodies,  iu 
deposited  at  the  surface  of  the  < 
conclusion  is  corroborated  by  tl 
thus  placed  in  the  negative  ( 
powers  than  those  belonging  to 
repelling  the  transmitted  l^ht  t 
quenceofthediiiferenceof  force  ii 

63.  In  order  that  we  may  u: 
mical  action^  or  the  means  by  v 
prepared  for  other  combinations 

be  acquainted  with  the  nature  of  cohesion^  or  the  means  by 
which  they  were  originally  united.  We  shall  have  little 
difficulty  in  explaining  this,  because  it  depends  upon  the 
same  electrical  prmoiples  that  we  have  already  desfcribedj 
the  only  difference  being,  that  in  cohesion  much  highet  forces 
are  brought  into  action.  When,  for  example,  an  atom  of 
oxygen  is  brought  into  contact  with  an  atom  of  hydrogen,  the 
former  being  positive  to  the  latter  (63),  the  atmosphere  of 
the  oxygen  flows  towards  the  hydrogen ;  while  the  atmdsphere 
of  the  hydrogen  recedes  from  the  oxygen,  in  the  manner 
already  described  with  regard  to  zinc  and  copper  (49),  and 
the  oxygen,  in  conseqtience,  presents  a  positive  surface  to  a 
negative  surface  of  the  hydrogen ;  but  the  electrical  forces 
being  much  moire  powerful  than  between  zinc  and  copper,  the 
attraction  between  the  surfaces,  under  favourable  circJum- 
stances,  produces  cohesion,  and  the  atom  of  oxygen,  united 
by  its  positive  surface  to  the  negative  surface  of  the  atom  of 
hydrogen,  as  in  fig.  77,  forms  a  particle  of  water  (37). 

64.  It  will  be  observed  that  the  particle  of  Water  formed 
by  this  union,  presents  a  negative  sign  on  the  side  cf  the 
oxygen  and  a  positive  sign  on  the  side  of  the  hydrogen  ^  but 

♦  Dr  Faraday  has  adopted  the  following  cautious  language^  in 
speakb^  on  this  subject.  "  Substanfces  are  frequently  spoken  df  ai 
being  emtro^negative  or  electro'poritive,  according  as  they  go  under 
the  supposed  influence  of  a  direct  attraction  to  the  positive  or  negS"* 
tive  pole.  But  the  terras  are  mudh  too  significant  for  the  \sm^  te 
which  I  should  have  to  put  them ;  for  though  the  meanings  are 
perhaps  right,  th«y  are  only  hypothetical y  ana  may  be  wrong;  and 
then  through  a  very  imperceptible,  but  »till  very  dangerous,  because 
continuial,  influence,  they  do  grfeat  injury  to  science,  by  contracting 
and  limiting  the  habitual  views  df  those  engaged  in  pursuing  it" 
Researches  665. 
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these  signs  are  intended  to  distinguish  the  state  of  the  surfaces 
to  which  they  are  attached,  as  eompared  with  the  sucfeces  of 
the  same  atoms  in  contact,  and  not  to  show  the  «tate  of  these 
surfaces  as  compared  with  each  other,  or  to  other  bodies  to 
whidk  they  mav  "he  presented.  But,  whatever  may  be  the 
arrangement  of  the  fordes^tipon  the  external  mirfaces  of  the 
atoms  which  form  the  palrticle  of  water^  tibe  ofxygen  «ide  of  it 
must  be  positive  \^en  compared  with  the  hydrogeik  gide» 
because  as  a  particle  it  mat  be  considered  as  turning  upon  its 
centre  of  gravity  between  the  two  atoms;  the  oxygen,  there- 
fore, in  whatever  way  its  atmosphere  is  arranged,  will  turn 
towards  .the  negative  surfece,  and  the  hydrogen  towards  the 
positive  suiface,  in  obedience  to  their  collected  forces  respect- 
ively; whereas  the  atoms,  when  separate,  turn  upon  their 
own  centres  and  are  directed  agreeably  to  their  own  polarities. 
The  distinction  here  made  between  the  polarity  of  the  particle 
of  water,  taten  as  the  whole,  and  the  polarity  of  the  atoms  ^ 
which  it  is  formed,  is  material ;  because  it  is  directed  t^  the 
surface  in  galvanic  arrangements  by  the  former  force,  and, 
when  in  contact,  acts  upon  that  surftice,  in  consequence  of 
greater  contiguity,  with  the  electrical  force  of  the  latter. 

65.  Having  explained,  what  would  otherwise  appear  anoma- 
lous, the  presentation  of  surfaces  with  negative  signs  to  nega- 
tive surfaces,  and  of  surfaces  with  positive  signs  to  positive 
surfaces,  the  actual  state  of  the  metals  and  fluid,  in  a  state  of 
vdtaic  combination,  may  be  represented  by  fig.  78. 

66.  This  arrangement  must,  at  first  sight,  appear  to  be  a 
most  unfavourable  state  of  the  surfaces  for  the  decomposition 
of  the  water  by  the  zinc.  The  negative  surfeee  of  the  metal  is 
in  contact  with  the  negative  surface  of  the  oxygen ;  and  the 
only  attraction  between  these  surfaces  appears  to  mrise  from 
some  little  difference  in  their  negative  states,  which  must 
render  them  positive  and  negative  as  it  regards  each  other. 
This  trifling  force  appears  to  have  little  chance  of  disuniting 
the  atom  of  oxygen,  firom  its  atom  of  hydrogen  preparatory  to 
its  union  with  the  zinc,  the  two  atoms  being  kept  in  a  state  of  ' 
cohesion  by  very  powerful  forces,  it  being  evident  that  in 
order  to  effect  the  exchange,  the  preponderance  of  force  must 
be  on  the  side  of  the  zinc.  The  only  way,  then,  that  this 
object  can  be  accomplished,  and  it  may  be  thus  attained 
without  tibe  slightest  difficulty,  is,  by  reversing  the  poles  of 
the  whole  line  of  atoms  which  form  the  fluid  particles  between 
the  two  metallic  surfeices. 

67.  **  The  electrical  fluid,  or  light,  is  conducted  firom  point 
to  point,  by  giving  the  form  of  a  current  to  the  atmospheres 
of  the  intermediate  atoms.    The  light  which  is  to  be  trans- 
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mitted  supplies  the  place  of  that  which  is  pressed  forward, 
and,  consequently,  it  is  required  to  be  of  precisely  the  same 
intensity ;  but  when  the  surfaces  are  alternately  positive  and 
negative,  this  cannot  be  the  case,  and^  as  we  have  already 
observed,  bodies  thus  deranged  cease  to  be  conductors"  in  the 
direction  of  their  deranged  surfaces.*     (See  fig.  79). 

This  figure  represents  the  arrangement  which  the  particles 
of  water,  agreeaoly  to  the  explanation  we  have  already  given, 
(64)  must  necessarily  take  when  under  the  influence  of  the 
polar  surfaces  induced  by  galvanic  action ;  and^  consequently, 
the  state  in  which  it  is  required  to  transmit  a  current  from 
the  zinc  plate,  Z,  to  the  copper  plate  C.  It  is  evident  that 
the  negative  surfaces  of  the  atoms  of  oxygen,  O,  cannot  be 
pressed  forward  to  supply  the  places  of  their  positive  surfaces; 
and  that  the  latter  cannot  be  substitutes  for  the  negative 
surfaces  of  the  atoms  of  hydrogen  H;  water,  therefore,  when 
thus  arranged,  is  a  non-conductor  from  Z  to  C,  or  in  the 
direction  of  itis  deranged  surfaces 

68.  It  is  necessary  to  recollect  that  the  atoms  of  matter 
which  form  the  difierent  bodies  in  the  circuit,  figs.  78  and  79, 
are  connected  together  in  such  a  manner  that  no  change 
whatever  can  be  made  in  the  light  which  forms  the  atmosphere 
of  any  one  of  these  atoms,  without  producing  a  corresponding 
arrangement  in  the  atmosphere  of  every  otner  atom  in  the 
circuit  (49).  If,  for  instance,  we  produce  a  current  of  light 
from  the  copper  to  the  zinc,  by  completing  the  circuit  with 
the  wire  A  B,  the  atoms  of  the  wire  in  contact  with  the  cop- 
per can  only  receive  the  added  light  by  parting  with  an  equal 
quantity  from  some  other  part  of  their  surfaces,  in  the  line  of 
transmission,  to  the  adjoining  atoms ;  and  as  these  and  other 
succeeding  atoms  can  only  receive  it  upon  the  saitie  condition, 
the  instant  the  end  B  of  the  wire  receives  the  light  from  the 
copper,  an  equal  quantity  appears  at  the  end  A,  which 
is  connected  with  the  zinc ;  but  the  zinc  can  only  receive 
it  upon  the  like  condition,  and  it  is  at  the  same  instant  trans- 
mitted to  the  negative  surface  of  the  atom  of  oxygen,  in 
contact  with  it,  which  forms  the  commencement  of  the  fluid 
part  of  the  circuit.  Now,  the  light  upon  the  positiv^  surface 
of  this  atom  is  more  compressed,  and,  consequently,  its  atoms 
are  nearer  to  each  other  and  in  a  state  of  greater  intensity 
(136)  than  on  its  negative  surface ;  and  we  might  as  reason- 
ably expect  the  common  air  of  the  atmosphere  to  pass  without 
force  into  a  vessel  of  condensed  air,  as  that  the  ught  should 
readily  pass  from  the  negative  surface  of  the  atom  of  oxygen 

♦  Abstract  (23.) 
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to  its  positive  surface.      But  t"  a  can  without  any 

difficulty  receive  the  transmitt  upon,  its   negative 

surface  provided  it  be  at  liberty  r  an  equal  quantity 

from  its  positive  surface  to  the  n  rface  of  the  atom  of 

hydrogen  to  which  it  is  united.  i  of  hydrogen  will 

receive  it  upon  the  like  conditi  nsferring  the  same 

quantity  from  its  positive  suri  le  atom  of  oxygen 

adjoining  to  it;  and  as  similai  is  must  attach  to 

every  atom  of  oxygen  and  hydrogen  forming  the  interposed 
particles  of  water,  the  light  must  be  transferred  from  the 
positive  surface  to  the  last  atom  of  hydrogen  to  the  surface  of 
the  copper,  with  which  it  is  in  contact,  at  the  same  instant 
that  it  is  transmitted  by  the  wire  from  its  opposite  surface  to 
the  zinc.  The  light,  therefore,  forms  a  current  through  the 
whole  of  the  circuit,  without  making  any  alteration  in  the 
quantity  permanently  attached  to  each  atom ;  and  whatever 
may  be  its  velocity  or  the  length  of  the  circuit,  it  will  be  in 
motion  in  every  part  of  it  at  the  same  instant. 

69.  It  is  evident,  however,  that  the  oxygen  can  only 
receive  the  transmitted  light  from  the  zinc,  until  its  negative 
surface  becomes  positive ;  and  that  if  no  change  of  arrange- 
ment were  to  be  made  in  the  three  interposed  particles  of 
water  in  fig.  78,  the  current  must  then  cease.  But  the  affini- 
ties of  the  atoms  which  form  these  three  particles  are  now 
wholly  changed  by  the  reversal  of  their  poles ;  the  first  atom 
of  oxygen,  therefore,  unites  cohesively  with  the  zinc,  leaving 
its  atom  of  hydrogen  to  unite  to  the  second  atom  of  oxygen : 
this  atom,  in  Uke  manner,  and  from  the  same  cause,  gives  up 
its  hydrogen  to  the  third  atom  of  oxygen,  the  hydrogen  pre- 
viously belonging  to  which  being  at  the  same  time  separated 
at  the  surface  of  the  copper  (102).  (This  arrangement  is 
described  in  fig.  80).  The  oxidated  zinc,  then,  being  dis- 
solved by  the  acid  usual]  >arated  atom,  of 
hydrogen  assuming  its  gi  lit  is  broken  at 
both  ends  of  the  fluid,  {  e  their  former 
state  (58) ;  a  new  arrang                                   \  (64);  another 

S article  of  water  suppliei  rhich  has  been 

ecomposed;  and  the  pi  >re. 

70.  The  sulphuric  i  3  the  water  in 
voltaic  arrangements,  fa  in  by  removing 
the  obsta;cles  to  its  progress ;  but,  as  it  is  not  itself  decom- 
posed, it  cannot  furnish  any  part  of  the  light  which  forms  the 
current,  nor  does  it  appear  that  it  increases  the  force  with 
which  it  circulates  (89).  The  addition  of  light  from  this 
source  would  evidently  be  superfluous;  if  there  be  any  lessened 
capacity  in  the  acid  upon  entering  into  combination  with  the 
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zinC;  tbe  light  set  at  liberty  muftt  take  the  form  oi  caloric. 
Theie  yiewa,  I  believe,  are  siq)poarted  by  the  experimfinls  o£ 
Dr.  Faraday  and  otiier  jdiilosc^phers. 

71.  But  it  will  probably  be  asked,  why  is  all  this  ma- 
chinery set  in  motion  to  effect  an  obie^^  which  shears  to  be 
accomplished  with  so  nuich  ease  when  Einc  isi  plunged  into 
dilated  acid  ?  To  this  questicm  we  reply,  that  the  meanahere 
described  are  not  only  the  most  simpte,  but  the  only  means 
by  which  the  diffisrent  pceparatioas  can  be  simultaneonsLy 
effected ;  it  being  necessary  that  the  atom  of  oxygen  should 
acquire  a  positive  sur&ce  to  enable  it  to  unite  with  the  zinc, 
at  the  same  instant  that  it  is  removedfrom  its  on;>osites»ii£ftce 
to  disunite  it  ^m  the  hydrogen  (102).  In  fact,  these  axe 
the  means  which  nature  has  adopted  in  the.  case  alluded  to ; 
local  circuits  in  the  metal  <q)a:ated  upon  supplying  the.  place 
of  those  which  are  more  effectually  fiomishea  by  a  combina- 
tion of  dissimilar  metals  in  a  galvanic  arrangement.  (See 
Dr.  Faraday's  Researches,  947,  959). 

72.  Mr.  Sturgeon  has  given  a  very  good  description  of 
these  local  circuits,  which  he  attributes  to  a  difference  in  the 
electrical  state  of  different  parts  of  the  same  metal;  and  this, 
he  justly  concludes,  must  give  to  these  different  parts  the 

f>ropertied  of  dissimilar  metals.*  M.  de  la  Rive  says,  '^  the 
ively  action  c^  diluted  sulphuric  acid  upon  common  zinc  is 
due  to  a  small  proportion  of  iron  in  the  zinc,  and  to  the  elec- 
trical currents  which,  taking  place  upon  its  surface,  pass  from 
the  particles  oi  zinc  to  the  particl^  of  ircai."t  It  a]^>ears 
likely  these  local  circuits  arise  in  a  great  measure  from  the 
presence  of  some  other  metal ;  for  the  action  oi  the  acidulated 
water  upon  distilled  or  pure  zinc,  is  much. less  considerate 
than  upon  common  zinc,  no  doubt,  in  consequence  of  the 
want  of  this  inducement  to  the  fcmnation  of  sucheir<;uits. 

73.  Whatever  may  be  the  circumstances  which  lead  to 
the  establishment  of  positive  and  negative  polarities  in  the 
same  piece  of  metal»  zino,  for  instance,  when  exposed  to  che- 
mictd  action  in  dilute  sulphuric,  or  any  other  acid,  the  circuits 
are  formed  i^n  the  {Hrindples  cmd  in  the  manner  we  have 
already  described  (65).  iW  oxygea  enters  intacombination 
with  the  zinc,  where  the  latter  exposes  a  ne^tive  surfiEuse, 
and  between  this  and  a  part  of  the  same  piec^  of  metal  which 
exhibits  a  positive  KU&oe,  and  with  which  the  hydrogen  k 
in  ccmtact,  the  poles  of  the  atoms  of  the  interposed  pi^des 
of  water  are  reversed ;  every  Kne  or  curve  which  forms  one  of 

♦  Annals,  Vel.  L  page  13. 

f  Philosophical  Magazine,  Vol.  IL  page  282. 


Digitized  by 


Google 


operations  of  Mature  upon  general  principleii      371 

these  circuits,  giving  np  an  atom  6f  tixygcii  to  Xkxe  negative 
surface  of  an  atom  cf  zihc,  atid  dej^oaiting  an  atom^ctf  bjrdro* 
geii  at  the  positive  surface  of  An  iKtom  of  the  same  piece  of 
nsetai.  The  light  which  this  atom  of  hydrogen  relinquishes 
from  its  positive  surface,  in  exchange  for  an  equal  quantity 
received  upoti  its  negative  surfet(5e  in  the  pmeess  of  reversing 
its  poles',  is  cdnducted  throu&h  the  metal  from  the  positive  to- 
the  negative  surface  before  described,  and  from  thence  to  the 
negative  surface  of  the  oxygen,  to  prepare  it  for  its  union  with 
the  zinc ;  it  being  absolutely  essential  to  this  union,  that  the 
oxygen,  being  the  positive  body,  should  present  the  positive 
surface  (102).  These  transfers,  although  it  is  difficult  to  des- 
cribe them  otherwise  than  as  progressive,  are  simultaneous. 

74.  The  local  circuits  we  have  described  are  not  confined 
to  metals  which  are  separately  exposed  to  chemical  action, 
but  they  are  also  formed  in  the  zinc  plates,  of  a  battery,  evert 
when  its  circuit  is  completed,  and  produce  the  destruction  of 
the  metal  without  adding  to  the  force  or  the  quantity  of  the 
transmitted  current.*  The  evil  increases  with  the  time  the 
battery  is  in  action,  more  particularly  when  solutions  of  me- 
tallic salts,  such  as  sulphate  of  copper,  are  employed  m  the 
chemical  menstruum;  in  which  case  the  deposition  of  the 
copper  upon  the  zinc  plates  forms  secondary  galvanic  arrange- 
ments, which  when  carried  to  a  (Certain  extent  must  completely 
destroy  the  eflfect  of  the  battery,  by  expanding  the  whole  ot 
the  electro-motive  force,  arising  from  the  chemical  action 
upoal  the  plates,  in  local  currents.  The  battery,  however, 
when  its  circuit  is  completed,  is  less  liable  to  local  circuits 
than  a  piece  of  metal  unconnected  with  other  metals ;  because 
light  will  always  take  the  rout  which  offers  the  least  resistance 
to  its  transmission,  without  reference  to  distance  j  and  the 
circuit  produced  by  the  inductive  influence  of  dissimilar  me- 
tals always  presents  such  a  rout,  unless  it  be  obstructed  by 
the  interposition  of  bad  conductors.  Hence,  when  a  battery 
is  loaded  with  resisting  decompositions,  or  other  work,  which 
approaches  the  limits  of  it»  power,  the  local  circuits  are 
increased^  the  light  finding  in  these  circuits  less  resii^nce 
to  its  progress  tlmn  in  thebattesy  thus  obstructed;  a  single 
nonconducting  particle  m  any  part  of  the  circuit  being  fatal 
to  its  transmission.!^ 

75.  llie  circuits  whit*  are  formed  in  fluids,  and  by  means 
of  which  nature  performs  a  great  part  of  her  most  important 

*  See  t)r.  F&raday^  Researches,  966. 

t  See  M.  de  la  nive^  Researches,  Philosophical  Mdgacine, 
Vol.  II.  page  ^n. 
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operations^  have  hitherto  been  almost  entirely  neglected ;  I 
am  not  aware  that  the  subject  has  been  noticed,  except  in  a 
paper  of  my  own,  ^*  On  capillary  attraction  and  on  the  dis- 
position there  is  in  fluids  to  assume  a  globular  ibrm/^  Published 
in  the  fourth  volume  of  the  Records  of  €reneral  Science. 

The  fact  is,  that  there  is  no  such  thing  as  an  unconnected 
particle  of  fluid ;  every  j^article  of  every  body  of  fluid,  whether 
small  or  great,  is  united  by  means  of  its  polar  surfaces  to 
other  particles,  and  these  to  others  in  succession  throughout 
the  whole;  and  the  terminating  surfaces  either  return  into 
each  other  and  form  a  globular  mass,  or  the  nearest  approach 
to  it  which  circumstances  will  allow,  or  attach  themselves  to 
other  bodies  with  which  they  happen  to  be  in  contact ;  so  that 
in  either  case,  no  polar  surface  is  left  unconnected.  In  the 
first  of  these  cases,  the  fluid  when  in  small  quantities  is  formed 
into  globules,  or  drops ;  and  when  in  larger  quantities  either 
takes  the  form  of  the  containing  vessel^  or  when  this  is  not 
supplied,  spreads  over  the  ground  by  its  gravitating  force, 
producing  evidence  in  the  rounded  form  of  the  edges,  and  of 
every  other  part  which  is  left  at  liberty  to  exhibit  it,  of  the 
disposition  to  assume  a  globular  form.  In  the  second  case, 
the  terminating  surfaces  attach  themselves  to  the  sides  of  the 
containing  vessel,  and,  when  these  are  near  to  each  other, 
produce  the  phenomena  of  capillary  attraction;  or,  t^hen 
at  distances  which  allow  the  central  parts  to  fall  by  the  force 
of  gjravity,  the  appearance  is  produced  of  a  rising  of  the  fluid 
against  the  sides  of  the  vessel,  upon  the  same  principle. 
Numerous  other  instances  might  be  brought  forward  of  this 
general  disposition  in  fluids.  It  is  seen  in  drops  of  rain,  in. 
haU,  in  a  glass  filled  above  its  level,  and  under  a  great  variety 
of  other  circumstances  in  water  and  fluids  of  a  similar  des- 
cription. It  is  seen  in  the  mantifocturin^  of  shot,  in  which 
the  lead  naturally  assumes  a  more  perfectly  globular  form  than 
could  be  given  by  casting  in  a  mould.  It  is  seen  when  melted 
metals  are  poured  on  flat  surfkbes,  the  globular  fomn  being 
retained  the  more  perfectly  in  proportion  to  the  smallness  of 
the  quantity  j  and  it  is  se^u  to  great  advantage^  in  mlercury, 
in  which  every  variety  of  fcmh  is  exhibited,  from  the  perfect 
globe  in  sm«^  quantities,  uj^ii'whic^h  gravitation  has  little  or 
no  influence,  to  the  almost  level  surface,  which  retains  only 
the  circular  form  and  rounded  ^dg^^  under  the  .greater  in- 
fluence of  the  same  .force  iqpon  larger  quantities. 

76.  Theglobulair  form  isgiventofluidsbytwoopposingforcea; 
oneof  these  foreesdisposes  the  partiolesto  join  their  polar  forces 
in  right  lines,  the  pdks  being  c^posite  to -each  other  upon  the 
particles ;  and  the  other,  which  is  the  most  powerful^  disposes 
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the  terminating  surfaces  of  these  lines  to  meet,  so  as  to  unite ; 
the  result  is  a  circle,  because  in  this  figure  every  two  connected 
particles  makes  the  nearest  fipproach  to  a  right  line  which  is 
consistent  with  the  forming  of  a  closed  circuit.  The  force 
which  unites  the  terminatii^  surfaces,  is  propagated  in  the 
fluid  upon  the  same  principle  that  magnetic  curves  are  formued 
in  the  air ;  not  by  any  direct  ^traction  of  ttiese  surfaces  for 
each  other  while  they  QontiAue  at  amy  distance,  but  through 
the  medium  of  intermedia^te  particles,  of  the  fluid,  which  if 
they  did  not  afterwards  form  part  of  the  circle  would  draw 
them  together.  Precisely  as  tne  magnetic  curves  in  the  air 
would  draw  the  poles  of  the  compa^  needle  together  if  it  were 
a  fluid;  but  which,  in  consequence  gf  its  being  a  solid,  can 
only  give  it  direction  as  a  whole. 

77.  The  subject  of  local  circuits  is  well  illustrated  in  the 
formation  of  the  Lead  Tree  and  the  Ajbor  Dianae.  To  pro- 
duce the  former,  to  which  I  shall  confine  myself,  a  piece  of 
zinc  is  suspended  in  a  solution  of  acitate  of  lead.  Circuits 
are  formed  in  the  water  of  the  solution,  as  we  have  already 
described  with  regard  to  zinc  when  plunged  into  diluted  acid ; 
(73)  the  oxygen  adheres  to  thp  zinc  where  it  presents  a 
negative  surface,  the  hydrogen  to  a  part  which  presents  a 
positive  surface ;  and  the  current  which  reverses  the  poles 
passes  firom  the  hydrogen  through  the  metal,  as  a  conductor 
to  the  oxygen.  When  the  oxygen  has  acquired  its  positive 
surface,  it  combines  with  the  :^inc  at  one  end  of  the  circuit  as 
in  the  diluted  acid;  but  instead  of  releasing  an  atom  of  hydro- 
gen at  the  other  end,  the  circuit  is  terminated  by  a  particle  of 
the  acitate  of  lead,*  from  which  the  hydrogen,  in  contact  with 
it,  supplies  itself  with  an  equivalent  for  the  oxygen  taken  from 
its  opposite  surlace;  leaving  the  lead,  in  its  metallic  state, 
attached  by  its  newly  acquired  negative  surface  to  a  positive 
surface  of  the  ?inp.  The  positive  parts  of  the  surface  of  the 
zinc  being,  thus  occupied,  the  circuits  are  now  formed  between 
the  negative  surfaces  cf  the  metal  and  the  lead  already  de- 
posited upon  the  othe?*  parts  of  its  surface,  the -atoms  of  which 
present  their  positive  ^lurfaces  to  the  solution.  As  the  opera- 
tion proceeds,  therefore,  the  m^t^Uic  lead  ^  added  to  diat 
which  was  be^e  deposited;  anatom  of  cxxygen  being  taken 

*  This  is  a  part  of  the  arrartgement  necessary  to  the  production 
of  what  are  called  sec<mdary  results;  The  hydrogen  separated  at 
the  cathode,  cannot  take  oxysen  from  an  oxide  in  solution  unless  it 
be  connect^  with  it  during^  the  whole  of  the  operation ;  the  same 
preparation  being  required  as  in  a  particle  of  water,  fi)r  which  it 
IB  the  substitute. 
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from  the  lead  at  one  termination  of  the  fluid  part  of  the  cireuit, 
and  added  to  the  zinc  at  the  other  .end,  upon  es^ery  reversal 
of  tiie  poles^  the  intermediate  atomsL  TheimdeiB^-ofx^iurse, 
separated  from  the  negative  surfaces  of  the  atoms  of  the  mp 
bj  the  acid  set  at  liberty  by  the  reduction  of  the  lead. 
fTo  be  continued,  J 

LIX-    Report  of  the  Comfnittee  appointed  by  the  London 
Electrical  Society  to  test  the  action  of  an  Instrument 
invented  by  Lieut.  R.  J.  Morrison^  ^!t»  N„  and  deno- 
minated by  him  a  Portable  Magnetic  Electrometer. 
Read  2l8t  of  April,  183a 

On  Saturday,  17th  February,  1838,  the  above  ine^ment 
W]as  subniitted  by  the  inventor  to  a  meeting  of  the  menjiberi^ 
of  the  London  Electrical  Society,  and  a  description  of  a  seri^ 
of  observations  whicb  had  been  made  by  some  of  the  members 
of  (the  Meteorological  Society  was  read.  The  Meteorolc^ical 
Society  has  since  published  a  report  of  th.e  obseryatioiiis  made 
-with  this  instrument.^  wherein  the  deflections  of  the  magnetic 
xieedle  are  cpimdered  tis  oaused  by  atoios^iieffical  electric 
.^action ;  the  eastwly  deflection  being  statj^d  .a^  4-  <m:  positive^ 
«nd  the  westerly  as  —  or  negative. 

Many  of  the  members  of  the  Electrical  Society,  pesont  ^t 
the  above  meeting,  stated  it  as  their  opinion  that  thedeflectipns 
;could  notjbe  caused  by  electric  action.  A  resplvition,  how- 
ever, 'Was  proposed  and  carried,  .that  the  inatrumeiNt  be  moie 
jcax^fully  examined#.and]£otr  whidh  purpose  a  committee  should 
Jbe  appointed. 

¥our<committee:proceed!ed  at  jan  early  day  to  ei^mine  tte 
instrument,  anda  nttemorandum  was  prepared  and  a  cqj^  thereof 
forwarded  to  Lieut.  Morrison,  suggesting  that  Lieut,  lilorrisoii 
should  (previous  to  the  connnittee  preparing  aiiy  report,  or 
attempting  any  further  test  of  the  action  of  the  instrument^ 
yary  his  exipmments.  An  interview  took  pl?kce  between 
lieut.  Morrison  and  some  of  the  members,  but  he  declined 
■pa?Qparing  the  different  instruments  as  suggested  by  the 
icommittee,  being  perfectly  s^itisfied  as  to  the  correctness  of 
:his  own  experiments  as  well  as  of  the  action  of  the  instrun^ent. 

Your  committee  then  submitted  the  instrument  to  one  of 
the  members  of  the  society,  who^  after  the  lapse  of  a  few  days, 
returned  it  with  a  note  of  his  obsprvatious  thereon ;  this  note 
was  read  to  the  members  present  at  the  evening  meeting  of 
17th  March.  It  being,  however,  the  opinion  of  the  majority 
of  the  members  then  present,  that,  considering  the  resolution 
passed  on  17th  February,  the  instrument  ought  not  only  to 
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be  tested  by  the  committee,  but  a  repctrt  describing  the  nature 
and  character  of  the  experiments  should  be  presented  to  the 
society;  and  such  opinion  having  been  coaaffiiyned  at  the 
meeting  of  the  7th  April,  your  committee  have  now  iin 
fulfilment  of  the  duty  you  have  imposed  on  them  to  present 
the  following  report. 


REPORT. 

Description  oJ^Lieut.  Morrison^ s  portable  magnetic  elec- 
trometer and  apparatus  used  by  the  committee  in  testing  the 
action  thereof. 

Fig.  74,  plate  IX,  represents  the  instrument  received  from 
Mr.  R.  C.  Wooda,  instrument  maker  to  the  Meteorological 
Society.  3,  is  an  open  topped  bell  glass  which  stands  on  a 
wooden  base  A,  furnished  with  a  compass-card.  The  glass  is 
4  inches  high  and  3 J  inches  diameter.  It  is  not  fixed  to  its 
base  but  merely  rests  on  it  in  a  groove.  2,  is  a  brass  ball 
surmounting  a  cap  of  the  same  metal,  which  is  cemented  to 
the  neck  of  the  bell  glass.  I,  is  a  brass  rod  22  inches  long, 
pointed  at  the  upper  extremity.  Its  lower  extremity  screws 
into  the  ball  2.  4,  is  the  magnetic  needle  suspended  by  a 
gold  lace  thread. 

Another  instrument,  similar  to  that  already  described,  was 
received  from  Mr.  Woods  on  the  14th  April ;  and  is  that 
with  yhich  the  deflections  were  observed  as  published  in  the 
report  of  the  Meteorological  Society.  When  referred  to,  this 
instrument  will  be  called  B. 

Fig.  75  is  a  similar  instrument  made  by  Mr.  E.  M.  Clarke ; 
pointed  wire  2  feet  one  inch  long ;  glass  receiver  8  inches 
high,  4i  inches  diameter;  magnetic 'needle  4  inches  long,  sus- 
pended originally  by  a  fine  gold  we,  and  subsequently  by  a 
thread  of  silver  lace  7  J  inches  long. 

.  On  11th  April,  at  8h.  A.  M.,  the  instrument  A  was  placed 
on  a  wooden  table  3J  feet  long,  in  the  centre  of  a  lawn,  far 
removed  from  all  local  attraction,  and  the  needle  adjusted  to 
the  magnetic  meridian  (Vide  Note  2). 

The  following  table  will  show  the  deflections  of  the  instru- 
ment A  on  the  mornings  of  the  11th,  12th,  and  during  the 
greater  part  of  the  13th  of  April;  also  the  deflections  of  C 
during  ttie  afternoon  of  the  latter  day :  as  well  as  the  deflec- 
tions exhibited  on  the  14th,  15th,  and  16th,  by  a  zinc  needle 
and  a  slip  of  straw ;  when  separately  suspended  in  instrument 
A,  the  instrument  Blueing  in  action  at  the  same  time. 
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L  in. 
llthAprU  8  15A.M 


1 2th 
13th 


8    0 
8  30 

0 
10 

OP.M 
40 
20 
40 
45 
50 
40 

0 
20 


10 
10 
1 
1 
3 
3 
3 
4 
5 
6 
6 


14lh 
15th 
16th 


7  OP.M, 

8  30  A.  M. 
7  45 


11 
) 
3 
3 
5 
5 


0 

25  P.  M, 
15 
45 

0 
25 


A. 

10*E. 

10 

10 

Merid. 

10  E. 

45 

45 

45 

25 

30 

25 

25 

25 

30 

Zinc 
Needle. 
20  E. 
SOW. 

75 

Slip  of 

Straw. 

40  K. 
45  W. 

5 
60 

low. 

25 


B. 


20'E. 
Merid. 

low. 


5E. 
Merid. 

>» 

5E. 

Merid. 

5W. 


C. 


Clear. 


Merid. 
10-E. 

5 
10 
10 

5 

5 

5 


^Cloudy. 


Cloudy. 


")  Variable 
and 
Stormy, 

with 

Showers 

of  Hail 

&  Snow. 


On  the  13th^  at  1  P.  M.  finding  the  deflections  had  increased 
to  45*  east  since  10  A.  M.,  an  electroscope  was  placed  on  the 
table,  and  connexion  formed  by  means  oi  a  copper  wire  from 
the  rod  of  instrument  A,  to  the  plate  of  the  electroscope;  but 
even  with  the  assistance  of  the  condensing  plate,  the  gold 
leaves  did  not  diverge  in  the  slightest  manner. 

A  glass  rod  and  stick  of  sealing  wax  were  then  successively 
excited  with  silk  and  flannel,  and  on  being  brought  within 
three  or  four  feet  of  the  point  of  instrument  A,  the  leaves  of 
the  electroscope  immediately  diverged,  but  without  any 
apparent  effect  being  produced  on  the  suspended  mimetic 
needle  of  A. 

The  connecting  wire  of  A  and  the  electroscope  was  than, 
removed,  and  on  the  excited  rod  being  brought  even  close  to 
the  point  of  A,  there  was  not  any  deflection  of  the  gold 
leaves ;  proving  thereby  that  the  former  divergency  of  the 
gold  leaves  coiud  only  be  caused  by  the  connexion  being  made 
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with  instrument  A,  the  point  of  which  became  electrified 
whenever  the  excited  rod  was  brought  near. 

At  Ih.  40rti.  P.  M.  of  the  same  day  (13th  April),  the  mstru- 
ment  C  was  placed  on  the  table ;  and  as  the  a^iticons  of  the  two 
instruments  vary  very  considemhlyy  it  becomes  necessary  to 
note  their  different  forms,  particularly  the  lengthd^of  the  thread 
and  needle ;  the  needle  of  A  being  'one  and  three-quarters  of 
an  inch  long,  and  suspended  by  a  gc3d  lace  thread  of  two  inches 
in  length;  ^hile'the  needle  of  C  was  four  inches  long,  and 
suspended  by  a  silver  lace  thread  of  nearly  eight  inches  in 
length. 

On  referring  to  the  table  it  will  be  perceived  that  the  de- 
flection of  the  needle  of  instrument  C  .did  not  exceed  10' 
east;  but  on  an  excited  rod  being  brought  near  the  point,  an 
immediate  deflecticJn  of  100'  or  120'  took  place  Easterly,  whe- 
ther the  excited  rod  was  glass  or  resin;  thereby  proving  that 
the  deflection  was  due  to  the  principles  of  common  electricity, 
and  not  to  aky  electro-magnetic  action,  as  in  the  latter  case 
the  deflections  would  have  been  in  contrary  directions. 

The  reason  for  the  electricity  of  the  excited  rods  acting  on 
the  needle  of  C  and  Hot  on  that  of  A  is  manifest.  C  was  sus- 
pend^ by  ^a  silver  lace  thread  eight  inches  long,  A  by  a  gold 
lace  thread  two  inches  long.  The  difierence  in  the  length  of 
the  t^iread^lone  was  favouratle  to  great  action.  This  increased 
actioii,*  however,  arises  principally  from  the  length  of  the 
needle  C  being  four  inches,  while  that  of  A  was  only  one  and 
thr^  qncffters  of  an  inch;  consequently  the  great  increase  of 
mechanit^al  power,  the  needle  actmg  as  a  lever. 

On  the  14th,  Mr.  R.  C.  Woods  having,  at  the  request  of 
on^  of  the  committee,  setat  another  instrument  B,  being 
that  ttsed  by  the  Meteorological  IBociety  in  the  observations 
published  in  theii*  report,  the  needle  was  removed  from  A, 
a^d  one  of  iiiic  suspended  in  its  place:  both  instruments  A 
attd  B  were  t^eii  placfed  to  ^the  table,  and  adjusted  at  a 
deflection  of  20'  6aA9t,^being'thfe  j^ame  as  A  denotea  previous  to 
its  magnetic  nfeedle'bdni^ifemoved. 

On  the  15th,  atSh.  3^n.- A.  M.,  B  ^as  at  the  magnetic 
riieridian,i^hiW  A  deflected' 60*  west.  ^ 

On  the '16th;  tt*  7h.'4!te.  A.  »a.,Bdefle<Jted  10*  west,  while 

The  zinc  needle  was  then  removed  and  one  of  straw 
was  subi^itu^i  in  this 'it*tfenoe,  however,  care  was  taken 
tfiat'thfe  threads  ■rffeoih:instt:ume]^t»  were  of  e^jual  lengths,  as 
in  the  cisebf  tib€fl)[»^^  sniipeinsioti-iof  ihei  zinc,  the  thread 
ii^^afgreet^ftlenfeth^    ^  -      •'    v     v 

Vol.  II.— Ab.  11,  May,  1838.  2  D 
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AtUh,  A.M.  the  straw  deflected  A,  40* E.;  B,  5*E. 
On  referring  to  the  table  it  will  be  perceived  that  the  deflecr 
tions  of  the  straw  were  of  the  most  extreme  descriptipn^ 
evidently  arising  from  the  variable  and  windy  state  of  the 
weather. 

In  addition  to  the  above «  both  rods  were  at  different  timea 
removed  from  their  respective  instruments ;  but  without  any 
effect  on  the  deflections^  which  invariably  remainedsteady. 

It  having  been  thus  proved  that  to  whatever  cause  the  de- 
flection of  the  needle  might  be  attributed,  it  could  not  be  due  to 
any  electric  action,  as  otherwise  the  leaves  of  the  electroscope 
would  have  been  affected  on  the  13th;  on  the  other  hand  it 
could  not  be  due  to  any  peculiar  property  in  the  magnetic 
needle,  as,  in  that  case,  the  strips  of  zinc  and  straw  would 
not  have  been  acted  on  from  the  14th  to  the  17th;  on  the 
contrary,  the  greater  deflection  of  th^  zinc  and  straw  evidently 
arises  from  their  not  having  had  the  directive  power  of  the 
magnet.  Again,  the  rod  attached  to  each  instrument  could  not 
in  any  way  affect  the  action,  as  the  deflections  remained  when 
those  rods  were  removed.  It,  therefore,  became  evident  that  the 
cause  must  arise  from  the  string,  which,  as  has  already  been 
stated,  consists  of  agoldlace  thread,  or  in  other  words,  atwistec} 
silk  thread  having  a  metallic  surface. 
.  A  wooden  stool  with  a  hole  in  the  centre  was  then  procured, 
and  the  instrument  A  placed  on  it ;  the  needle  was  adjusted 
to  the  magnetic  meridian. 

A  small  jar  of  boiling  water  being  placed  under  the  hole, 
so  as  to  permit  the  steam  to  ascend  into  the  receiver,  the 
needle  deflected  70*  west;  on  removing  the  water  and  placing 
a  lighted  spirit  lamp  in  its  place,  the  needle  very  shortly 
returned  to  the  meridian — proving  that  the  deflections  are 
evidently  due  to  the  hygrometric  state  of  the  string,  although 
in  cases  where  the  deflections  are  much  increasea  and  vary 
suddenly,  the  cause  may  arise  from  the  wind,  which  from  the 
imperfect  manner  in  which  the  intrument  is  made,  and  shght 
weight  of  the  needle,  causes  the  latter  to  be  freely  and  easily 
acted  on. 

Your  committee  regret  that  in  the  discharge  of  the  duty 
you^  have  imposed  on  them,  they  should  in  justice  to  the 
Society,  as  well  as  to  themselves,  be  compelled  to  make  any 
observations  which  may  be  painful  to  Lieut.  Morrison ;  but 
the  detailed  account  of  the  experiments  which  have  been 
described  in  this  report,  will,  they  hope,  convince  the  Society 
as  well  as  Lieut.  Morrison,  that  they  entered  into  the  inquiry 
with  the  flill  determination  of  examining  the  merits  of  an 
instrument,  the  action  of  which  appears  to  have  not  only 
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engaged  the  attention  of  Lieut.  Morrison  for  some  years,  but 
also  that  of  many  scientific  individuals;  the  utility  of  which 
''as  an  electrometer,"  had  even  ordinary  care  been  taken,  would 
have  long  since  been  set  at  rest,  and  that  valuable  time  which 
the  inventor  has  expended  in  noting  the  hourly  deflections 
might  have  been  profitably  employed  in  other  pursuits. 

It  is,  however,  only  due  to  Lieut.  Morrison,  to  state,  that 
previous  to  any  prepiaration  being  made  by  the  committee  for 
testing  the  instrument,  one  of  the  members  applied  to  Lieut. 
Morrison  to  know  whether  it  was  his  wish  that  the  committee 
should  publish  a  report :  the  following  is  an  extract  from  his 
letter,  dated  Cheltenham,  March  24,  1838. 
'  "  I  am  obliged  by  your  letter  of  yesterday's  date,  and  as 
you  ask  me  whether  I  wish  the  Society  to  make  any  official 
report  on  the  instrument,  I  brought  before  it  on  the  3d.  of 
March,*  I  will  tell  you  the  state  of  the  case.  I  brought  the 
electrometer  before  the  British  Association  last  August,  when 
Sir  David  Brewster,  as  Chairman  of  section  A,  requested  me 
to  make  further  experiments  and  observations,  and  then 
report  them  to  the  Association  at  its  next  meeting.  It  appears 
to  me  that  the  objects  of  truth  and  science  as  regards  the 
cai^e  of  the  deflection  of  the  magnet  would  be  best  attained 
by  incoiyorating  in  my  report  to  the  British  Association, 
reports  firom  the  Meteorological  and  Electrical  Societies; 
therefore,  I  certainly  do  wish  the  Electrical  Society  to  make 
an  official  report,  wnich  I  hope  will  accord  with  the  results  of 
the  examination,  which  I  Imve  no  doubt,  from  the  interest 
taken  in  the  instrument  by  M.  De  la  Rive,  Professor  Addams, 
and  others,  will  be  made  by  the  British  Association.  It  seems 
to  me  that  the  result  of  seven  years*  observations  by  myself 
and  others  can  hardly  be  overthrown  by  the  hasty  conclusions 
of  any  individual,  after  only  a  day  or  two's  examination. 
You  mistake  in  supposing  I  object  to  .any  persons  ofierinff 
their  opinions;  but  1  object  to  any  opinions  being  considered 
of  value,  unless  founded  on  careful  observations  and  experi- 
ments." 

Your  committee,  therefore,  cannot  hesitate  in  stating  that 
Lieut.  Morrison  could  only  have  been  actuated  by  a  sincere 
desire  to  have  the  instrument  tested,  and  thereby  carry  into 
fidl  efiect  the  suggestions  of  Sir  David  Brewster,  who,  it 
appears  has  requested  Lieut.  Morrison  to  report  at  the  ensuing 
meeting  of  the  British  Association,  the  rusult  of  any  further 


♦    This  instrument  was  brought  before  the  Society  on  the 
17  February, 

2D2 


Digitized  by 


Google 


380  Report  of  the  Electrical  Society. 

experiments  and  observations  he  might  make  with  the  instru- 
ment. 

Your  committee  are  aware  that  the  notoriety  which  the 
instrument  has  obtained,  not  only  in  this  country,  but  also  on 
the  Continent^  (its  supposed  action  having  been  referred  to  as 
a  proof  of  the  correctness  of  certain  theories^  some  of  which 
are  quite  at  variance  with  those  laws  hitherto  admitted  as 
axioms  in  physical  science)  may  have  induced  many  members 
to  vote  for  the  resolution  of  the  17th  February,  and  your 
committee  have,  consequently,  been  induced  to  carry  on  the 
series  of  experiments  nerein  described.  Your  committee^ 
however,  in  conclusion,  suggest,  that  when  instruments 
are  brought  before  the  Society,  previous  to  any  committee 
being  appointed  to  test  the  same,  the  inventors  should  be 
questioned  as  to  whether  they  had  taken  at  least  some  ordinary 
measures  to  prove  the  nature  and  character  of  the  action ; 
much  time  would  by  this  course  be  saved,  and  those  members 
who  may  be  willing  to  undertake  the  task  would  be  enabled 
to  employ  their  time  profitably  to  the  Society  and  the  science, 
whose  interest  it  is  their  peculiar  province  to  uphold. 

By  order  of  Cojnmittee, 
J.  V.  MOORE, 
Assistant  Secretary, 
London  Electrical  Society, 

London,  April  19, 1838. 

(note  I.) 

47,  Hatton  Garden,  March  ^,  1838.  . . 
Sir, 
I  have  just  received  the  acknowledgment  of  the  receipt  of  Lieut. 
Morrison's  electrometer,  and  beg  to  state  that  the  needle  is  sus- 
pended in  the  same  manner  as  1  received  it  from  Lieut  Morrison. 
The  original  thread  is,  however,  in  the  possession  of  Mr.  Bachhoff- 
ner ;  but  the  one  by  which  the  needle  is  now  suspended,  and  the 
spare  thread  accompanying  it,  is  of  the  same  description  as  the  one 
used  by  me  in  the  thirty-seven  hourly  observations,  at  the  vernal 
equinox,  published  in  the  Meteorological  SocieW's  Report 

I  am,  &c. 
(Signed)        R.  C.  WOODS. 
To  Mr.  J.  V.  Moore,  Assistant  Secretary, 
London  Electrical  Society, 

Royal  Gallery  of  Practical  Science. 

P.  S.  I  received  three  of  these  instruments  from  Lieut  Morrison : 
the  one  sent  is  the  third.  They  were  made  at  Bath,  by  whom  I  know 
not 
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(note  II.) 

From  the  mode  of  suspension,  there  requires  another  needle  to 
adjust  that  of  the  instrument  to  the  magnetic  meridian.  A  needle 
with  an  agate  cap,  suspended  on  a  fine  steel  point,  is  placed  on  the 
tahle,  and  a  line  is  drawn  on  the  magnetic  meridian.  The  compass 
card  and  needle  of  Lieut.  Morrison^s  instrument  is  then  placed  on 
the  table  and  adjusted  by  turning  the  instrument  with  the  hand  to 
this  line» 


LX.     Extract  of  a  Letter  from  Mr.  J.  C.  Nesbit  to  the 
Editor. 

Sidney  Street,  March  22,  1838. 
Dear  Sir, 

By  only  getting  the  March  number  to-day  I  shall  not  be  able 
to  make  the  experiments  you  desired  in  time  for  the  April 
number;  but  I  may  here  observe,  that  the  shocks  from  my 
magnetic  coil  machine  are  less  in  power  when  the  wheel  is  in 
very  rapid  motion;  but  that  even  though  the  connexion  is 
broken  upwards  of  3000  times  in  one  minute,  the  power  of  the 
machine  is  not  destroyed,  but  continues  to  give  shocks  at 
every  break,  though  not  of  such  strength  as  when  the  wheel 
is  rotated  at  a  medium  speed. 

The  coils  of  my  magnetic  machine  are  made  of  copper  wire 
covered  with  cotton,  as  I  can  get  it  covered  very  cheaply  in 
Manchester ;  but,  to  many  persons  in  the  country,  my  machine 
for  covering  wire  with  sealmg  wax  or  other  resinous  matter, 
may  be  of  value,  as  it  will  enable  them  to  cover  wire  for  them- 
selves at  a  very  trifling  expense. 

The  following  is  the  description  of  the  method  which  I  use. 
Construct  a  vessel  in  the  shape  of  a  segment  of  a  cylinder ; 
let  the  distance,  A  B,  fig.  73,  Plate  IX.,  be  about  fourteen 
inches,  and  the  versed  sine,  C  c,  about  five  inches,  the  breadth 
two  inches.  At  B  is  fixed  a  small  deep  grooved  pulley,  and 
at  c  is  another  about  one  and  a  half  inch  in  diameter,  also 
deeply  grooved:  at  a  is  soldered  a  stout  wire,  bent  as  in  the 
figure.  ^  is  a  small  cylinder  of  brass,  with  a  hole  through  it 
in  the  direction  of  its  axis,  a  little  larger  than  the  size  of  the 
wire  intended  to  be  covered;  the  diameter  of  the  aperture 
may  vary  according  as  we  may  wish  to  give  a  thick  or  a  thin 
covering  to  the  wire.  Several  cylinders  ought  to  be  made  of 
different  bores,  to  accommodate  wire  of  different  sizes.  The 
cylinders  have  small  steel  centres  as  represented  at  t,  which  fit 
severally  into  a  steel  fork  or  spring  as  at  P.  The  bottom  part 
of  the  steel  spring  fits  into  a  tube  at  the  end  of  E,  which  is  a 
channel  to  convey  back  into  the  vessel  the  redundant  resin. 


Digitized  by 


Google 


382  The  London  Electrical  Society. 

The  cylinder  f,  therefore,  having  motion  in  every  direction, 
can  accommodate  itself  to  the  wire.  It  will,  however,  always 
be  best  to  draw  the  wire  from  the  wax  in  a  line  in  whiA  E 
and  a  coincide.  Every  thing  bein^  now  arranged,  the  wire 
to  be  covered  is  passed  over  the  pulley  at  B,  under  c,  over  a, 
and  through  the  brass  cylinder  at  E.  The  brass  cylinder 
must  be  heated  by  means  of  a  lamp,  in  order  to  pevent  it 
solidifying  the  wax.  The  vessel  is  now  to  be  partially  filled 
with  melted  sealing  wax  or  resin,  and  the  wire  must  be  drawn 
through  at  a  pretty  quick,  though  regular,  speed.  The  wax 
may  be  kept  melted  by  a  lamp  placed  underneath  the  vessel. 
If  the  wax  eet  solid  at  E,  it  must  be  melted  by  means  of  the 
lamp.  With  an  apparatus  less  perfect  than  this,  I  have 
covered  2500  feet  of  thin  wire  in  half  an  hour. 

The  resin  which  I  use  is  made  by  melting  equal  parts  of 
shell  lac  and  Venice  turpentine  together  in  a  pipkin,  taking 
care  to  melt  the  Venice  turpentine  oefore  putting  in  the  sheU 
lac,  which  must  be  done  gradually.  If  the  wax  should  be 
found  too  brittle,  it  may  be  brought  to  a  proper  consistence  by 
adding  a  little  spirits  of  tuipentine.  A  few  trials  will  enable 
a  person  to  judge  of  the  right  consistence  of  the  wax. 

Hoping  this  communication  may  benefit  some  of  your 
numerous  readers, 

I  remain,  my  dear  Sir,  yours,  most  truly, 

J.  C.  NESBIT. 

To  William  Sturgeon^  Esq. 


LXI.     London  Electrical  Society. 

In  our  report  of  the  meeting  of  this  society,  on  the  17th  of 
February  (Vol  II.  page  227),  we  omitted  to  state  that  a  reso- 
lution was  passed,  requesting  the  committee  to  test  the  action 
of  the  instrument  exnibited  to  the  meeting  by  Lieut.  Mor- 
rison. At  the  meeting  of  the  17th  of  March,  the  chairman 
read  a  communication  the  committee  had  received  from  Mr. 
BachhoflEner,  one  of  the  members  of  the  society,  describing  the 
nature  of  the  observations  he  had  made  with  the  instrument; 
stating  it  as  his  opinion  that,  to  whatever  cause  the  deflection 
of  the  magnetic  needle  might  be  owing,  it  could  not  be  attri- 
buted to  atmospheric  electrical  action.  At"  the  close  of  the 
meeting  the  following  notice  of  a  resolution  to  be  proposed 
at  the  ensuing  meeting  was  entered  on  the  minutes. 

'*  That  the  instrument  exhibited  to  this  society  on  the  17th 
•of  February,  by  Lieut.  Morrison,  and  denominated  by  him  a 
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portable  magnetic  electrometer,  be  e!xamined  by  the  com- 
mittee, and  a  report  thereon  submitted  to  the  society. ^^ 

Saturday^  Itn  March. — Afer  the  minutes  of  the  preceding 
meeting  had  been  confirmed,  and  the  names  of  new  membei*s 
announced^  the  preceding  resolution  was  proposed  and  carried. 

A  paper  on  the  principle  and  action  of  lightning  conductors 
was  then  read  by  Mr.  Sturgeon. 

The  author  considers  that  however  perfectly  lightning  con- 
ductors, as  now  generally  used,  are  constructed,  they  will  not 
Srevent,  but  on  the  contrary,  always  be  the  means  of  pro- 
ucing  the  lateral  discharge,  or  rather  the  returning  stroke  as 
denominated  by  Viscount  Mahon  :  following  out  those  theo- 
retical principles  developed  in  the  papers  which  the  author 
had  previously  read  to  the  society,  he  states,  that  if  a  circle  of 
metal  were  the  channel  of  an  electric  discharge,  the  disturb- 
ing tendency  would  be  manifested  to  the  greatest  extent 
outwards,  because  the  repulsions  inwards  would  counterbalance 
each  other,  and  as  the  lateral  discharge  is  a  mere  consequence 
of  unrestrained  repulsion,  no  lateral  discharge  could  possibly 
take  place  in  the  interior  of  a  hollow  cylinder.  The  eflFects 
due  to  a  cylindric  conductor  are  not  limited  to  that  figure, 
but  are  also  demonstrable  in  rectangular  ones,  or  in  any  other 
form  whatever. 

Upon  these  principles  the  author  considers  that  powder 
magazines,  whether  on  shore  or  on  board  of  ships  of  war, 
woSd  be  completely  protected  fi'om  lightning  if  lined  through- 
out with  sheet  copper,  and  that  copper  in  good  metallic  con- 
nexion with  the  ground  or  the  water.  Nothing  within  could  pos- 
sibly  suffer  from  a  lateral  discharge,  although  the  surronnding 
metal  became  the  channel  for  the  heaviest  flashes  of  lightning. 
The  copper  lining  would,  moreover,  be  a  perfect  safeguard 
from  the  primitive  or  original  flash,  or  discharge  from  a  cloud. 
The  importance  of  the  application  of  this  plan  of  security  from 
the  lateral  discharge  to  powder  magazines  on  board  vessels  or 
on  shore  was  pointed  out,  and  the  estimate  of  the  probable 
expense  was  also  laid  before  the  meeting. 

The  author  is  also  of  opinion  that  the  same  plan  might  be 
applied  to  the  protection  of  single  rooms  in  builoings.  Persons 
sitting  in  a  room  completely  lined  with  sheet  copper,  need  be 
in  no  fear  of  injury  from  lightning,  although  many  flashes 
might  be  discharged  through  the  metal.  The  elegance  of  the 
room  would  not  suffer  by  such  protection,  because  it  might  be 
placed  under  the  paper  hangings  or  tapestry,  and  completely 
concealed  from  view. 

Saturday  April  21.  The  Report  of  the  Committee  ap- 
pointed (agreeably  to  the  resolutions  of  the  7th.  instant)  to 


Digitized  by 


Google 


384  The  London  Electrical  Society. 

examine  the  action  of  an  instrument  invented  by  Lieut. 
Morrison^  R.  N.  and  denominated  by  him  a  Pocket  Magnet 
Electrometer,  was  read.  After  the  reading  of  the  report, 
which  is  inserted  in  the  present  number  of  the  Annals^  pl^^;e 
375,  a  discussion  took  place,  of  which  the  following  is  a  brief 
outline. — 

Mr.  R.  C.  Woods  (who  was  present  by  invitation  of  the 
CcHnmittee)  did  not  consider  that  the  experiments  as  stated 
in  the  report  (several  of  which  were  repeated  at  the  meeting) 
as  sufficiently  conclusive  to  warrant  the  Society  in  receiving 
the  report.  Lieut.  Morrison  had  carried  on  a  series  of  expe- 
riments with  the  instrument  for  many  years.  Many  of  these 
Mr.  Woods  had  himself  confirmed;  the  Meteorological  So- 
ciey  had  published  observations  made  with  the  instrument; 
it  had  been  noticed  on  the  Continent;  as  also  at  the  last 
meeting  of  the  British  Association  at  Liverpool,  when  Sir 
D.  Brewster  requested  Lieut.  Morrison  would  make  a  further 
report  at  the  ensuing  meeting  of  the  Association.  Mr.  Woods 
therefore  hoped  the  Electrical  Society  would  hesitate  before 
they  sanctioned  a  report  founded  on  such  experiments  as  had 
been  explained  this  evening. 

Mr.  Sturgeon  stated  that  the  report  had  evidently  been 
prepared  with  great  care  and  attention;  that  the  experiments 
were  well  selected;  and  were  such  as  would  be  perfectly  con- 
dusive  and  satisfactory  to  any  person  claiming  even  a  mode- 
rate degree  of  knowledge  of  electricity  and  electro-magnetism. 
Mr.  Woods  had  laid  much  stress  on  the  great  number  of  ob- 
servations which  had  been  made  with  the  instrument,  both  by 
the  inventor  and  himself.  He  (Mr.  S.),  however,  could  not 
see  very  distinctly,  that  the  instrument  was  much  better  on 
that  account ;  he  would  rather  have  heard  some  explanation  of 
the  principles  upon  which  the  instrument  acted;  or  at  least, 
by  what  criterion  the  quality  of  those  observations  was  ascer- 
tained: for,  as  regards  real  importance,  he  should  always 
consider  that  there  is  a  very  great  difference  between  the 
quantity  and  the  quality  of  both  observations  and  experi- 
ments. His  surprise  was,  not  only  that  the  inventor  should 
ever  consider  the  instrument  as  acting  under  the  influence  of 
atmospheric  electricity ;  for  it  could  not  claim  the  name  of 
even  an  electroscope,  much  less  the  dignity  of  an  eletrometer; 
but  that  an  instrument  constructed  as  this  is,  shoold  have 
obtained  any  notice  from  scientific  individuals,  and  even 
scientific  associations.  He  had  no  doubt  now,  however,  that, 
like  himself,  they  had  all  been  deceived  in  the  character  of 
the  main  spring  of  this  celebrated  instrument ;  and  that  they 
had  no  idea  whatever  of  its  being  a  twisted  string.     For  his 
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own  part  he  could  not  have  thought  it  possible  that  any  man 
could  have  hit  upon  so  singular  a  contrivance  for  the  suspen- 
sion of  a  magnetic  needle.  The  instrument  is  obviously  an 
hygrometer.  Mr.  S.  had  long  seen  the  necessity  of  an 
Electrical  Society,  and  if  any  thing  could  be  wanting  to  prove 
the  correctness  of  his  views,  the  occurrences  relative  to  this 
instrument  were  alone  sufficient ;  for  here  we  have  an  instru- 
ment, which  has  not  only  occupied  the  attention  of  the  in- 
ventor for  a  series  of  years,  but  a  metropolitan  scientific  so- 
ciety has  actually,  by  including  its  supposed  indications  with 
those  of  the  barometer,  thermometer,  &c.  in  their  meteorologi- 
cal report,  given  a  currency  to  an  instrument  which,  in  all  pro- 
bability, it  would  never  otherwise  have  obtained.  The  Royal 
Academy  of  Science  at  Brussels  has  since  described,  and  refer- 
red to  it  in  one  of  their  reports ;  and  thiis  an  instrument,  in- 
significant in  itself,  has  become  important  in  the  estimation  of 
the  world  by  the  sanction  it  has  obtained  from  these  learned 
bodies. 

Mr.  Leithead,  Hon,  Sec,  (who  had,  by  indisposition,  been 
prevented  from  attending  any  of  the  meetings  of  the  com- 
mittee) agreed  with  Mr.  Woods,  that  the  report  was  not  suf- 
ficiently conclusive  to  warrant  the  society  in  receiving  it. 
Although  atmospheric  electricity  might  not  have  affected  the 
gold  leaf  electroscope,  it  was  not  any,  proof  that  it  did  not 
affect  the  magnetic  needle.  The  Aurora  Borealis  affected  the 
needle  while  it  had  not  any  effect  on  the  gold  leaf  electroscope. 
Mr,  L.  added  that  he  hoped  on  a  future  day  to  lay  before  the 
society  a  series  of  experiments  and  observations  on  this  sub- 
ject, which  he  was  at  present  making  but  which  his  recent 
indisposition  had  delayed. 

Mr.  Dixon  stated  that  he  had  been  present  when  many  of 
the  experiments  were  maxle,  and  that  nothing  could  have  ex- 
ceeded the  anxiety  of  the  committee,  that  the  report  was  in 
ever;  way  conclusive :  he  was  fully  aware  it  would  have  been 
a  much  more  pleasing  duty  for  the  society  to  have  reported 
fevourably  of  such, an  instrument :  for  if  one  instrument  more 
than  another  was  wanting,  it  was  a  perfect  electrometer.  Mr. 
Dixon  concluded  by  proposing  that  the  report  be  received  and 
confirmed,  that  the  thanks  of  the  society  be  given  to  the 
committee,  and  that  the  same  be  entered  on  the  minutes  of 
the  meeting.  The  foregoing  resolution  having  been  carried, 
it  was  resolved,  that  a  copy  of  the  report  be  forwarded  to 
Lieut.  Morrison,  to  the  Meteorological  Society,  and  to  such 
individuals  and  scientific  bodies^  as  the  committee  may  deem 
advisable. 

Vol.  II.— AU  11,  May,  183S.  2  E 
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LXII.     Proceedings  of  the  Roj/al  Society. 

February  15,  1838. 
DAVIES  GILBERT,  Esq.  Vice-President,  in  the  Chair. 
A   paper  was   in    part    read,    entitled    ^^  Experimental 
Researches  in  Electricity,"    Twelfth  Series,    by  Michael 
Faraday,  Esq.,  D.C.L.,  F.R.S.,  &c. 


February  22,  1838. 
FRANCIS  BAILY,    Esq.,  V.  P.  and  Treas.,  in  the  Chair. 

William  Thomas  Denison,  Esq.,  R.  E.,  and  Joseph  Locke, 
Esq.,  were  elected  Fellows  of  the  Society. 

The  reading  of  a  paper,  entitled  ^^  Experimental  Researches 
in  Electricity,"  Twelfth  Series,  by  M.  Faraday,  Esq.,  D.C.L., 
F.R.S.,  was  resumed. 


March  1,  1838. 

The  Right  Honourable  the  EARL  of  BURLINGTON,  Vice- 
President,  in  the  Chair. 

Alexander  Wilson,  Esq.,  was  elected  a  Fellow  of  the 
Society. 

The  reading  of  a  paper,  entitled  "Experimental  Researches 
in  Electricity,"  Twelfth  Series,  by  Michael  Faraday,  Esq., 
D.C.L.,'  F.RrS.,  &c.,  was  resumed  and  concluded. 

Experimental  Researches  in  Electricity :  Twelfth  Series, 
By  Michael  Faraday,  Esq.,  D.C.L.,  F.R.S.,  Fullerian  Pro- 
fessor of  Physiology  in  the  Royal  Institution  of  Great 
Britain. 

The  object  of  the  present  series  of  researches  is  to  examine 
how  far  the  principal  general  facts  in  electricity  are  explicable 
on  the  theory  adopted  by  the  author,  and  detailed  in  his  last 
memoir,  relative  to  the  nature  of  inductive  action.  The 
operation  of  a  body  charged  with  electricity,  of  either  the 
positive  or  negative  kind,  on  other  bodies  in  its  vicinity, 
as  long  as  it  retains  the  whole  of  its  charge,  may  be  regarded 
as  simple  induction^  in  contradistinction  to  the  effects  which 
follow  the  destruction  of  this  statical  equilibrium,  and  imply 
a  transit  of  the  electrical  forces  from  the  charged  body  to 
those  at  a  distance,  and  which  comprehend  the  phenomena 
of  the  electric  discharge.  Having  considered,  in  the  preced* 
ing  paper,  the  process  by  which  the  former  condition  is  es- 
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tablished,  and  wFjich  consiBts  in  the  successive  polarization 
of  series  of  contiguous  particles  of  the  interposed  insulating 
dielectric ;  the  author  here  proceeds  to  trace  the  process, 
which  taking  place  consequently  on  simple  induction,  termi- 
nates in  that  sudden  and  often  violent  interchange  of  electric 
forces  constituting  disruptionj  or  the  electric  discharge.  He 
investigates,  by  the  application  of  his  theory,  the  gradual 
steps  of  transition  which  may  be  traced  between  perfect  in- 
sulation on  the  one  hand,  and  perfect  conduction  on  the 
other,  derived  from  the  varied  degrees  of  specific  electric 
relations  subsisting  among  the  particular  substances  inter- 
posed in  the  circuit:  and  from  this  train  of  reasoning  he  de- 
duces the"  conclusion  that  induction  and  conduction  not  only 
depend  essentially  on  the  same  principles,  but  that  they  may 
be  regarded  as  being  of  the  same  nature,  and  as  differing 
merely  in  degree. 

The  fact  ascertained  by  Professor  Wheatstone,  that  electric 
conduction,  even  in  the  most  perfect  conductors,  as  the  me- 
tals, requires  for  its  completion  a  certain  appreciable  time, 
is  adduced  in  corroboration  of  these  views ;  for  any  retarda- 
tion, however  small,  in  the  transmission  of  electric  forces 
can  result  only  from  induction;  the  degree  of  retarda- 
tion, and,  of  course,  the  time  employed,  being  propor- 
tional to  the  capacity  of  the  particles  of  the  conducting  body 
for  retaining  a  given  intensity  of  inductive  charge.  The 
more  perfect  insulators,  as  lac,  glass,  and  sulphur,  are  ca- 
pable of  retaining  electricity  of  high  intensity ;  while  on  the 
contrary,  the  metals  and  other  excellent  conductors,  possess 
no  power  of  retention  when  the  intensity  of  the  charge  ex- 
ceeds the  lowest  degrees.  It  would  appear,  however,  that 
gases  possess  a  power  of  perfect  insulation,  and  that  the 
effects  generally  referred  to  their  capacity  of  conduction,  are 
only  the  results  of  the  carrying  power  of  the  charged  par- 
ticles either  of  the  gas,  or  of  minute  particles  of  dust  which 
may  be  present  in  them  ;  and  they  perhaps  owe  their  charac- 
ter of  perfect  insulators  to  their  peculiar  physical  state,  and 
to  the  condition  of  separation  under  which  their  particles  are 
placed.  The  changes  produced  by  heat  on  the  conducting 
power  of  different  bodies  is  not  uniform;  for  in  some^  as 
sulphuret  of  silver  and  fluoride  of  lead,  it  is  increased; 
while  in  others,  as  in  the  metals  and  the  gases,  it  is  dimi- 
nished by  an  augmentation  of  temperature. 

One  peculiar  form  of  electric  discharges  is  that  which 
attends  electrolyzation^  an  effect  involving  previous  induction ; 
which  induction  has  been  shown  to  take  place  throughout 
linear  series  of  polarized  particles,  in  perfect  accordance  with 
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the  views  entertained  by  the  author  of  the  general  theory  of 
inductive  action.  The  peculiar  feature  of  this  mode  of  dis- 
charge, however,  is  in  its  consisting,  not  in  a  mere  inter- 
change of  electric  forces  at  the  adjacent  poles  of  contiguous 
particles,  but  in  their  actual  separation  into  their  two  con- 
stituent particles ;  those  of  each  kind  travelling  onwards  in 
contrary  directions,  and  retaining  the  whole  amount  of  the 
force  they  had  acquired  during  the  previous  polarization. 
The  lines  of  inductive  action  which  occur  in  fluid  electrolytes 
are  exemplified  by  employing  for  that  purpose  clean  rectified 
oil  of  turpentine,  containing  a  few  minute  fibres  of  very  clean 
dry  white  silk ;  for  when  the  voltaic  circuit  is  made  by  the 
introduction  into  the  fluid  of  wires,  passing  through  glass 
tubes,  the  particles  of  silk  are  seen  to  gather  together  from 
all  parts,  and  to  form  bands  of  considerable  tenacity,  extend- 
ing between  the  ends  of  the  wires,  and  presenting  a  striking 
analogy  to  the  arrangement  and  adhesion  of  the  particles  of 
iron  filings  between  the  poles  of  a  horse-shoe  magnet. 

The  fact  that  water  acquires  greater  power  of  electrolytic 
induction  by  the  addition  of  sulphuric  acid,  which  not  being 
itself  decomposed,  can  act  only  by  giving  increased  facility  of 
conduction,  is  adduced  as  confirming  the  views  of  the  author. 

The  phenomena  of  the  disruptive  electric  discharge  are 
next  examined  with  reference  to  this  theory:  the  series  of 
inductive  actions  which  invariably  precede  it  are  minutely 
investigated :  and  reference  is  made  to  the  accurate  results 
obtained  by  Mr.  Harris,  as  to  the  law  of  relation  between  the 
intensity  of  a  charge,  and  the  distance  at  which  a  discharge 
takes  place  through  the  air. 

The  theory  of  Biot  and  others,  which  ascribes  the  retention 
of  a  charge  of  electricity  in  an  insulated  body  to  the  pressure 
of  the  surrounding  atmosphere,  is  shown  to  be  inconsistent 
with  various  phenomena,  which  are  readily  explained  by  the 
theory  adopted  by  the  author. 

The  author  then  enters  into  an  enquiry  relative  to  the  spe- 
cific conducting  capacities  of  different  dielectrics. 

With  a  view  of  determining  the  degrees  of  resistance  to 
the  transit  of  electricity  excited  by  different  kinds  of  gases, 
he  constructed  an  apparatus,  in  which  an  electric  discharge 
could  be  made  along  either  of  two  separate  channels ; 
the  one  passing  through  a  receiver  filled  with  the  gas^ 
which  was  to  be  the  subject  of  experiment,  and  the  other 
having  atmospheric  air  interposed.  By  varying  the  length  of 
the  passage  through  the  latter,  until  it  was  found  that  the 
discharge  occurred  with  equal  facility  through  either  channel, 
a  measure  was  afforded  of  the  relative  resistances  in  those 
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two  lines  of  transit,  and  a  determination  consequently  ob- 
tainded  of  the  specific  insulating  power  of  the  gas  employed. 
The  circumstances  attending  the  diversified  forms  of  the 
disruptive  discharge,  such  as  the  vivid  flash  or  spark,  the 
brush  or  pencil  of  light,  and  the  lucid  point  or  st^r,  which 
severally  represent  different  conditions  of  the  sudden  transit 
of  electrical  forces  through  an  intervening  dielectric,  are 
minutely  investigated  in  their  various  modifications.  The 
spark  is  the  discharge,  or  reduction  of  the  polarized  inductive 
state  of  many  dielectric  particles,  by  the  particular  action  of 
a  few  of  those  particles  occupying  but  a  small  and  limited 
space,  leaving  the  others  to  return  to  their  original  or  normal 
condition  in  the  inverse  order  in  which  they  had  become 
polarized :  and  its  path  is  determined  by  the  superior  tension 
which  certain  particles  have  acquired,  compared  with  others, 
and  along  which  the  action  is  accordingly  conducted  in  pre- 
ference to  other  lines  of  transit.  The  variety  in  the  appear- 
ance of  the  electric  spark  taken  in  different  gases  may  be 
ascribed  partly  to  different  degrees  of  heat  evolved,  but  chiefly 
to  specific  properties  of  the  gas  itself  with  relation  to  the  elec- 
tric forces.  These  properties  appear  also  to  give  occasion  to 
diversities  in  the  form  of  the  pencil  or  brush,  which  takes 
place  when  the  discharge  is  incomplete,  and  is  repeated  at 
short  intervals,  according  to  the  shape  of  the  conductor  on 
either  side,  and  according  to  the  species  of  electricity  con- 
veyed. The  diverging,  converging,  bent,  and  ramified  lines 
presented  in  these  different  forms  of  electric  discharge, 
strikingly  illustrate  the  deflexions  and  curvilinear  courses 
taken  by  the  inductive  actions  which  precede  the  disruption; 
these  lines  being  not  unlike  the  magnetic  curves  in  which 
iron  filings  arrange  themselves  when  under  the  action  of 
opposite  magnetic  polarities. 

March  8,  1838. 
FRANCIS  BAILY,  Esq.,  V.  P.  and  Treas.,  in  the  Chair. 

Colonel  Andrew  Leith  Hay,  K.  H.,  who  had  at  the  last 
Anniversary  ceased  to  be  a  Fellow  from  the  non-payment  of 
his  annual  contribution,  was  at  this  meeting  re-elected  by 
ballot  into  the  Society. 

A  paper  was  read,  entitled  *'  Proposal  for  a  new  method  of 
determining  the  Longitude,  by  an  absolute  Altitude  of  the 
Moon,''  by  John  Christian  Bowring,  Esq.  Communicated 
by  John  George  Children,  Esq.,  F.  R.  S. 

The  method  employed  by  the  author  for  determining  the 
longitude  by  the  observation  of  an  absolute  altitude  of  the 
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moon,  was  proposed,  many  years  ago,  by  Pingrfe  and  licm- 
nionier ;  and  the  principal  difficulty  which  stood  in  the  way 
of  its  adoption,  was  its  requiring  the  exact  determination  of 
the  moon's  declination  reduced  to  the  place  of  observation. 
This  difficulty  the  author  professes  to  have  removed  by 
supposing  two  meridians  for  which  the  altitudes  are  to  be 
calculated :  and  the  only  remaining  requisite  is  the  accurate 
determination  of  the  latitude,  which  presents  no  great  diffi- 
culty, either  on  land  or  at  sea.  Examples  are  given  of  the 
practical  working  of  this  method  ;  showing  that  if  the  latitude 
of  a  place  of  observation  be  obtained  within  a  few  seconds, 
the  longitude  will  be  found  by  means  of  a  single  observation 
of  the  altitude  of  the  moon. 

A  paper  was  also  read,  entitled,  An  Inquiry  into  a  new 
Theory  of  earthy  Bases  of  Vegetable  Tissues,"  by  the  Rev.  J. 
B.  Reade,  M.  A.,  F.  R.  S. 

The  author,  after  briefly  noticing  the  results  of  some  of  his 
experiments  described  in  two  papers  which  appeared  in  the 
Philosophical  Magazine  for  July  and  November,  1837,  and 
also  those  of  Mr.  Robert  Rigg  in  a  ptper  read  to  the  Royal 
Society,  next  adverts  to  the  theory  of  M.  Raspail,  detailed  in 
his  Tableau  Sj/noptique,  and  Nouveau  Systeme  de  Chimie. 
In  opposition  to  some  of  the  views  entertained  by  the  latter, 
he  finds  that  in  the  bark  of  the  bamboo  and  the  epidermis  of 
straw  the  silica  incrusting  these  tissues  is  not  crystallized, 
but,  on  the  contrary,  exhibits,  both  before  and  after  incinera- 
tion, the  most  beautiful  and  elaborate  organization,  consisting 
of  an  arranged  series  of  cells  and  tubes,  and  differing  in  its 
character  in  diflFerent  species  of  the  same  tribe,  and  in  differ- 
ent parts  of  the  same  plant. 

The  observations  of  Mr.  Golding  Bird,  contained  in  the 
14th  number  of  the  Magazine  of  Natural  History,  new  series, 
are  then  referred  to;  and  the  author  states  in  confirmation,  that, 
by  employing  caustic  potash,  the  siliceous  columns  may  be 
removed  from  the  leaf  of  a  stalk  of  wheat:  while  the  spiral 
vessels  and  ducts,  which  form  the  principal  ribs  of  the  leaf, 
as  well  as  the  apparently  metallic  cups  which  are  arranged 
on  its  surface,  remain  undisturbed.  He  proposes,  therefore, 
to  substitute,  in  the  description  of  vegetable  tissues,  the  term 
skeleton^  instead  of  that  of  Imses^  whether  saline  or  siliceous, 
of  those  tissues. 


March  15,  1838. 
FRANCIS  BAILY,   E^q.,  V.  P.  and  Treas.,  in  the  Chair. 


Digitized  by 


Google 


Proceedings  of  the  Royal  Society.  39  f 

Captain  Thomas  Best  Jervis,  E.I.  C.  S.,  and  Travers 
Twiss,  Esq.,  were  elected  Fellows  of  the  Society. 

The  reading  of  a  paper,  entitled,"  Experimental  Researches 
in  Electricity,"  Thirteenth  Series,  by  Michael  Faraday,  Esq., 
D.  C.  L.,  F.  R.  S.,  &c.,  was  commenced. 


March  22,  1838. 

FRANCIS  BAILY,  Esq.,  V.  P.  and  Treas.,  in  the  Chair. 

A  paper  was  read,  entitled,  Description  of  a  new  Tide- 
Guage,  constructed  by  T.  G.  Bunt,  and  erected  on  the  East- 
ern bank  of  the  River  Avon,  in  front  of  the  Hotwell  House, 
Bristol,  in  1837."  Communicated  by  the  Rev.  William 
Whewell,  M.  A.,  F.  R.  S. 

The  principal  parts  of  the  machine  here  described,  are  an 
eight- day  clock,  which  turns  a  vertical  cylinder,  revolving  once 
in  twenty-four  hours  ;  a  wheel,  to  which  an  alternate  motion 
is  communicated  by  a  float  rising  and  falling  with  the  tide, 
and  connected  by  a  wire  with  the  wheel  which  is  kept  con- 
stantly strained  by  a  counterpoise  ;  and  a  small  drum  on  the 
same  axis  with  the  wheel,  which  by  a  suspending  wire  com- 
municates l-18th  of  the  vertical  motion  of  the  float  to  a  bar 
carrying  a  pencil  which  marks  a  curve  on  the  cylinder,  or  on  \^ 
a  sheet  of  paper  wrapped  round  it,  exhibiting  the  rise  and 
fall  of  the  tide  at  each  moment  of  time.  The  details  of  the 
mechanism,  illustrated  by  drawjngs,  occupy  the  whole  of  this 
paper. 

A  paper  was  also  read,  entitled,  "  On  the  R6gar  or  Black 
Cotton  Soil  of  India,'*  by  Capt.  Newbold,  Aid-de-Camp  to 
Brigadier-General  Wilson.  Communicated  by  S.  H.  Christie, 
Esq.,  M.A.,  Sec.  R.  S. 

The  author  states  that  the  R^gar  of  India  is  found,  by 
chemical  analysis,  to  consist  of  silica,  in  a  minute  state  of 
division,  together  with  lime,  alumina,  oxide  of  iron,  and 
minute  portions  of  vegetable  and  animal  debris.  Hence  it  is 
usually  considered  as  having  been  formed  by  the  disintegration 
of  trap  rocks ;  the  author,  however,  after  examining  its  nu- 
merous trap  dykes  traversing  the  formation  of  the  ceded 
districts,  which  he  found  invariably  to  decompose  into  a  fer- 
ruginous red  soil,  perfectly  distinct  from  the  stratum  of  black 
r^ffar  through  ipbich  the  trap  protrudes,  was  led  to  regard 
this  opinion  Oii  cs  origin  as  erroneous :  and  from  the  circum- 
stances of  its  forming  an  extensive  stratum  of  soil  covering  a 
large  portion  of  the  peninsula  of  India,  he  believes  it  to  be  a 
sedimentary  deposit  from  waters  in  a  st&te  of  repose. 
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Specimens  of  basaltic  trap  and  of  the  R6gar  soil  were  trans- 
mitted to  the  society  by  the  author,  for  the  purpose  of 
analysis. 

The  reading  of  a  paper,  entitled,  "  Experimental  Researches 
in  Electricity,"  Thirteenth  Series,  by  Michael  Faraday,  Esq* 
D.  C.  L.,  F.  R.  S.  &c.,  was  resumed  but  not  concluded. 


March  89,  1838. 

JOHN  GEORGE  CHILDREN,  Esq.,  V.P.,  in  the  Chair. 

Simon  MacGillivray,  Esq.,  was  elected  a  Fellowof  the  Society, 

The  reading  of  a  paper,  entitled,  "Experimental  Researches 
in  Electricity."  Thirteenth  Series,  by  Michael  Faraday,  Esq. 
D.  C.  L.,  F.  R.  S.,  was  resumed  but  not  concluded. 


April  5,  1838. 

FRANCIS  BAILY,  Esq.,  V.P.  and  Treas.,  in  the  Chair. 

John  Hardwick,  John  Macneill,  and  Edward  William 
Tuson,  Esqs.,  were  elected  Fellows  of  the  Society. 

The  reading  of  a  paper,  entitled,  "Experimental  Researches 
in  Electricity,"  Thirteenth  Series,  by  Michael  Faraday,  Esq., 
D.C.L.,  F.R.S.,  was  resumed  and  concluded. 

The  author,  in  this  paper,  pursues  the  inquiry  into  the 
general  differences  observable  in  the  luminous  phenomena  of 
the  electric  discharge,  according  as  they  proceed  from  bodies 
in  the  positive  or  the  negative  states,  with  a  view  to  discover 
the  cause  of  those  differences.  For  the  convenience  of  des- 
cription he  employs  the  term  indiiciric^  to  designate  those 
bodies  from  which  the  induction  originates,  and  inducteous 
to  denote  those  whose  electric  state  is  disturbed  by  this  in- 
ductive action.  He  finds  that  an  electric  spark,  passing  from 
a  small  ball,  rendered  positively  inductermSf  to  another  ball 
of  larger  diameter,  is  considerably  longer  than  when  the  same 
ball  is  rendered  positively  indicctric  ;  and  that  a  similar  differ- 
ence, though  to  a  less  extent,  is  observable,  when  the  smaller 
ball  is  rendered  negative.  The  smaller  ball,  rendered  positive, 
gives  also  a  much  longer  spark  than  when  it  is  rendered  neg- 
ative ;  in  which  latter  case,  however,  it  affords,  at  equal  dis- 
tances, a  luminous  brush  of  greater  size,  and  gives  it  much 
more  readily  than  when  positive.  In  order  to  ascertain  the 
relative  degrees  of  charge  which  the  balls  acquire  before  the 
occurrence  of  the  discharge,  the  author  employed  an  apparatus 
attached  to  the  insulated  conductor  of  the  electrical  machine. 
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and  also  to  the  conductor  connected  with  the  discharging 
train,  and  consequently  uninsulated,  consisting,  on  each  side, 
of  a  rod  branching  out  in  the  form  of  a  fork,  and  terminating 
at  one  of  its  extremities  in  a  large  ball,  and  at  the  other  in  a 
small  one ;  the  position  of  the  forks  being  capable  of  adjust- 
ment, so  that  the  large  ball  of  each  rod  might  be  brought 
exactly  opposite  to  the  small  one  of  the  other :  and  the  dis- 
tances between  each  pair  admitted  of  being  regulated  at  plea- 
sure, until  the  discharges  through  each  interval  were  rendered 
apparently  equal  to  one  another.  From  numerous  experi- 
ments made  with  this  instrument,  the  author  concludes  that 
when  two  conducting  surfaces  of  small  but  equal  size,  are 
placed  in  air,  and  electrified,  the  one  positively  and  the  other 
negatively,  a  discharge  takes  place  at  a  lower  tension  from 
the  latter  than  from  the  former ;  but  that,  when  a  discharge 
does  occur,  a  greater  quantity  of  electricity  passes  at  each 
discharge  from  the  positive,  than  from  the  negative  surface. 
Experiments  of  a  similar  nature  were  made  in  gases  of  dif- 
ferent kinds,  by  enclosing  them  in  an  apparatus  constructed 
on  the  same  plan  as  the  former  one,  but  capable  of  acting  in 
a  receiver,  from  which  the  air  could  be  exhausted,  and  the 
particular  gas,  whose  powers  in  modifying  the  electric  dis- 
charges were  to  be  ascertained,  could  be  introduced  in  its 
place.  The  results  of  various  trials  are  given  in  a  table,  from 
which  it  appears  that  different  gases  restrain  the  discharge 
in  very  different  degrees.  The  discharge  from  the  small  ball, 
through  nitrogen  and  hydrogen  gases,  most  readily  takes 

Elace  when  the  charge  is  positive  :  and  through  oxygen,  car- 
onic  acid,  and  coal  gas,  when  it  is  negative. 
The  author  next  directs  his  attention  to  the  peculiar  lumi- 
nous phenomena  attending  the  disruptive  electrical  discharge, 
which  he  terms  a  glotVy  and  which  appears  to  depend  on  a 
quick,  and  almost  instantaneous  charge  given  to  the  air  in 
the  immediate  vicinity,  and  in  contact  with  the  charged 
conductor;  and  he  enters  into  a  detailed  account  of  the 
circumstances  by  which  it  is  influenced,  and  its  production 
favoured ;  such  as  the  diminution  of  the  charging  surface, 
increase  in  the  power  of  the  machine,  rarefaction  of  the  sur- 
Toundingair,  and  the  particular  species  of  electricity  concerned. 
The  relations  which  the  glow,  the  brush,  and  the  spark  bear 
to  one  another,  as  well  as  the  steps  of  transition  between  each 
are  minutely  investigated;  and  the  conclusion  is  deduced 
that  the  glow  is  in  its  nature  exactly  the  same  as  the  luminous 
part  of  a  brush  or  ramification,  namely,  a  charge  of  air ;  the 
only  difference  being  that  the  glow  has  a  continuous  appear- 
ance from  the  constant  renewal  of  the  same  action  in  the  same 
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place,  whereas  the  ramification  is  occasioned  by  a  momenta^ 
and  independent  action  of  the  same  kind.  The  disruptive 
discharge  may  take  pkce  at  degrees  of  tension  so  low  as  not 
to  give  rise  to  any  luminous  appearance  ;  so  that  ^  dark  space 
may  intervene  in  the  line  of  actual  discharge,  as  is  frequently 
observable  between  the  brush  on  one  side,  and  the  glow  on 
the  other.  Thus  it  is  inferred  that  electric  light  is  merely  a 
consequence  of  the  quantity  of  electricity  which,  after  a 
discharge  has  commenced,  flows  and  converges  towards  the 
spot  where  it  finds  the  readiest  passage :  and  th^se  conclu- 
sions are  further  confirmed  by  the  phenomena  which  takes 
place  in  other  gases,  besides  atmospheric  air,  and  which  are 
specifically  detailed  by  the  author. 

The  last  kind  of  discharge  which  is  here  considered  is  the 
convective  or  carrying  discharge^  namely,  that  effected  by  the 
translation  of  charged  particles  from  one  place  to  another.  The 
phenomena  attending  this  mode  of  transference  are  examined 
under  the  various  aspects  as  they  occur  in  air,  in  liquids  of 
various  kinds,  in  flame,  and  as  they  are  exhibited  in  the  case 
of  particles  of  dust,  which  perform  the  office  of  carriers  of  the 
electricity ;  and  also  in  that  of  solids  terminated  by  liquids. 
Thus  all  these  apparently  isolated  phenomena  comprised 
under  the  heads  of  the  electric  currents  which  characterize 
electrolyzation,  of  transference  through  dielectrics  by  dis- 
ruptive discharges  of  various  kinds,  or  by  the  actual 
motion  of  charged  particles,  and  of  conductk>n  through 
conductors  of  various  degrees  of  power,  are  assimilated  to  one 
another  by  their  being  shown  to  be  essentially  the  result  of 
actions  of  contiguous  particles  of  matter  assuming  particular 
stated  of  polarization. 

The  author  lastly  considers  electric  currents,  not  only  in 
their  effects  on  the  bodies  they  traverse,  but  also  in  their 
collateral  influences  as  producing  inductive  and  magnetic 
phenomena.  The  analogies,  which  connect  electrolytic 
discharge  with  that  by  conduction,  are  pointed  out,  as  tend- 
ing to  show  that  they  are  essentially  the  same  in  kind,  and 
that  when  producing  different  kinds  of  motion  in  the  particles 
of  matter,  their  mode  of  operation  may  be  regarded  as  iden- 
tical. An  attempt  is  made  to  connect  with  these  views  the 
lateral  or  transverse  actions  of  currents,  which  are  most  dis- 
tinctly manifested  in  their  magnetic  effects  ;  these  effects 
being  produced  equally  by  the  disruptive,  the  conductive^ 
and  5ie  electrolytic  discharges,  and  probably  depending  on 
the  transverse  condition  of  the  lines  of  ordinary  induction. 
This  Ijransverse  power  has  the  character  of  polarity  impressed 
upon  it,  and,  in  its  simplest  form,  appears  as  attractive  or 
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repulsive,  according  as  the  cuf rents  themselves  are  in  the 
same,  or  in  opposite  directions.  In  the  current  and  in  the 
magnet  it  assumes  the  condition  of  tangential  force  5  and  in 
magnets  and  their  particles  it  produces  poles. 

The  author  announces  that  he  intends  shortly  to  develop, 
in  another  series  of  these  researches,  some  further  views  which 
he  entertains  concerning  the  nature  of  electric  forces  and 
electric  excitation  in  connexion  with  the  theory  he  has  here 
advanced. 

The  Society  then  adjourned  over  the  Easter  Recess  to  oieet 
again  on  the  26th  instant. 


LXIII.    MISCELLANEOUS  ARTICLES. 

In  a  note  at  bottom  of  page  64,  of  the  present  volume,  I 
have  stated  that  a  specimen  of  clay  presented  to  me  by  Mr. 
R.  W.  Fox,  had  been  placed  in  a  voltaic  circle,  for  the  pur- 
pose of  repeating  the  experiments  of  that  gentlemen  on 
the  lamination  of  clay  by  electricity.  I  now  beg  to  state 
that  during  the  hard  frost  the  liquid  and  clay  l)ecame 
frozen  into  one  solid  mass :  and  whilst  dissolving  again 
before  the  fire,  the  clay  wall  melted  down  and  mixed  with, 
the  liquid.  This  happened  twice  at  intervals  of  about  a 
month  from  each  other.  The  experiment  has  consequently 
been  interrupted.  The  clay  was,  however,  recovered  from 
the  water,  by  evaporating  the  latter,  and  the  experiment  was 
resumed  on  the  3d.  of  the  present  month  (April). 

Having  no  copper  ore  similar  to  that  used  by  Mr.  Fox, 
I  have  employed  copper  and  zinc  for  the  voltaic  pair :  but,  for 
fear  of  not  being  successful  with  the  materials  I  was  in  pos- 
session of,  I  wrote  to  Mr.  Fox  requesting  him  to  furnish 
me  with  a  few  pieces  of  copper  ore,  and  a  piece  of  clay, 
similar  to  those  he  employed  in  his  experiments.  I  have 
now  great  pleasure  and  satisfaction  in  having  this  opportunity 
of  publicly  acknowledging  that  my  request  has  been  answered 
in  the  most  handsome  and  liberal  manner  :  and  that,  in 
consequence  of  the  supply  of  copper  ore  and  clay  which  I 
have  received,  Mr.  Fox  has  favoured  me  with  every  facility 
for  repeating  his  very  interesting  experiments. 

The  experiments  are  intended  to  commence  on  Tuesday 
the  1st  of  May.  Every  particular  of  their  commencement 
will  be  described  in  the  June  number  of  the  ^*  Annals.** 

W.  STURGEON. 
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To  the  Editor  of  the  Annals  of  Electricity y  S^c. 

Sir, 

The  enormous  price  charged  by  the  opticians  for  covered 
copper  wire,  and  a  desire  to  diminish  as  much  as  possible 
the  expense  of  electro- magnetic  studies,  induces  me  to  inform 
your  readers  how  they  may  get  it  cheaper. 

Those  who  cover  bonnet  wire  charge  about  6rf.  per  pound: 
it  is  only  necessary  then  to  discover  a  wire  coverer,  and 
supply  him  with  the  copper  wire,  as,  thus,  it  will  not  cost 
one  third  the  opticians'  charge.  A  man  of  this  description, 
whose  name  is  Green,  and  who  lives  near  the  western  end  of 
Quaker  Street,  Spitalfields,  covered  lately  2^  pounds  of  cop|>er 
wire  with  silk,  for  2s.  6d.  The  first  cost  of  the  wire,  which 
was  No.  16,  was  1^.  3d.  per  pound ;  thus  1  had  2j-  pounds 
of  well  covered  wire  for  5s.  7id.  Smaller  wire  in  proportion. 
When  covered  with  cotton  it  is  about  4d.  per  pound  less.  A 
full  description  of  the  apparatus  by  which  wires  are  covered 
may  be  seen  in  the  Mechanics'  Magazine,  No.  717* 

With  best  wishes  for  the  continued  success  of  your  excel 
lent  Annals, 

I  remain. 
Yours  respectfully, 
G.  FRANCIS. 
56,  Great  Prescott  Street. 


A  mode  of  analysing  German  Silver.  Ey  Jas.  C.  Booth. 

As  the  employment  of  this  interesting  compound  is  daily 
becoming  more  general,  it  becomes  a  point  of  some  importance 
to  the  manufacturer  to  ascertain  with  some  accuracy  the  com- 
position of  those  kinds  in  the  market,  which  are  adjudged  to 
possess  superior  qualities.  For  this  purpose  I  have  contrived 
a  method  of  analysing  them,  which  may  be  successfully  prac- 
tised by  any  one  who  possesses  a  little  chemical  knowledge. 
A  small  piece  of  about  20  grains  is  dissolved  in  nitro- muriatic 
acid  with  the  assistance  of  a  gentle  heat,  by  which  means 
the  metals  will  be  converted  into  chlorides.  If  the  solution 
be  filtered  through  a  small  paper  filter,  and  a  white  powder 
remain  after  washing  with  water,  it  is  the  chloride  of  silver, 
the  presence  of  which  metal  in  the  compound  is  accidental 
and  scarcely  appreciable.  The  acidulated  solution  is  then 
treated  by  sulphuretted  hydrogen,  which  separates  copper 
and  a  little  arsenic.  The  sulphuret  of  copper  is  collected 
on.  a  filter,  treated  with  nitric  acid  in  a  gentle  heat,  till  the 
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sulphur  appears  whitish^  then  filtered,  brought  to  boiling, 
precipitated  with  caustic  potassa,  filtered  and  weighed.  100 
parts  of  this  precipitate  contains  7^.83  of  metallic  copper. 
To  the  solution  after  filtering  off  the  sulphuret  of  copper,  a 
little  nitric  acid  is  added,  and  the  whole  heated  in  order  to 
convert  the  protoxide  into  the  peroxide  of  iron.  Muriate  of 
ammonia  is  then  added  to  the  same  and  a  small  excess  of 
ammonia,  which  precipitates  only  the  peroxide  of  iron.  This 
may  be  collected  on  a  filter  and  weighed,  100  parts  of  it  con- 
tain 69.34  of  metallic  iron.  The  solution  is  now  to  be  treated 
with  carbonate  of  soda  and  evaporated  to  dryness ;  the  dry 
mass  is  treated  with  hot  water,  and  the  residue  washed  and 
dried.  This  powder,  consisting  of  carbonate  of  zinc  and 
nickel,  is  mixed  with  half  its  weight  of  saltpetre  and  ignited 
until  the  whole  is  nearly  dry.  It  is  transferred  to  a  filter 
after  being  powdered  in  a  small  mortar,  and  is  then  washed 
two  or  three  times  with  pure,  but  dilute,  nitric  acid,  which 
dissolves  the  oxide  of  zinc,  and  leaves  the  peroxide  of  nickel. 
To  the  zinc  solution  carbonate  of  soda  is  added,  the  whole 
evaporated  to  dryness,  treated  with  hot  water,  and  the  re- 
mainder after  being  dried  and  ignited  is  weighed,  100  parts 
contain  80.13  metallic  zinc.  The  peroxide  of  nickel  is  dis- 
solved in  hydro-chloric  acid,  precipitated  by  caustic  potassa, 
filtered  off  and  weighed^  100  parts  of  it  contain  78.71  metallic 
nickel. 

The  separation  of  nickel  and  zinc  is  ever  attended  with 
difficulty  and  some  uncertainty,  but  it  is  rendered  much  more 
simple  by  the  method  which  I  propose,  and  which  is  not 
more  inaccurate  than  others  in  use.  Before  weighing  any  of 
the  above  oxides,  it  is  decidedly  preferable  to  burn  the  filter 
after  shaking  off  as  much  of  the  substance  as  possible  into  a 
platinum  crucible,  to  add  the  ashes,  and  then  subtract  their 
weight  from  that  of  the  oxide. 

Journal  of  the  Franklin  Institute. 


Analysis  of  Solar  light* 

Within  a  few  days  past,  notices  have  been  circulated  in 
the  public  prints,  that  Melloni  had  succeeded  in  depriving 
the  sun's  rays  of  all  their  heat,  by  transmitting  them  through 
certain  media,  consisting  of  water  and  coloured  glasses  \  and 
also,  that  Mrs.  Somerville,  by  means  of  a  screen  of  plate  green 
glass,  had  abstracted  from  them,  that  property  by  which 
they  darken  the  chloride  of  silver,  and  effect  chemical  changes. 
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Whilst  these  results  have  been  obtaiued  in  Europe,  expert- 
ments  of  a  like  character  have  been  carried  on  in  Virginia, 
the  event  of  which  is  of  far  more  interest  to  chemists,  the 
effects  being  equally  as  certain,  and  the  means  being  in  the 
hands  of  every  experimenter.  Dr.  Draper,  professor  of  che- 
mistry in  Hampden  Sidney  College,  found  during  the  last 
year,  that  th§re  are  several  solutions,  which  are  transparent 
as  respects  the  sun's  light,  yet  opaque  to  his  calorific  ray,  and 
others  which  are  transparent  both  to  his  light  and  heat,  but 
opaque  to  the  chemical  ray ;  for  it  does  not  follow,  that  a 
body  transparent  to  light  should  be  transparent  to  heat  or 
the  chemical  rays.  A  solution  of  sulphate  of  copper  and  am- 
monia, and  a  decoction  of  tannin  are  both  transparent  to  the 
light  of  the  sun,  yet  they  are  nearly  opaque  to  his  heat.  Nor 
is  this  condition  of  things  at  all  regulated  by  colour ;  the  first 
mentioned  of  those  substances  which  is  blue,  the  second 
which  is  brown,  and  the  sulphocyanate  of  iron  which  is  red, 
the  chloride  of  chromium  which  is  green,  the  muriate  of  co» 
bait  which  is  pink,  and  the  bichromate  of  potassa  which  is 
orange,  though  they  are  all  when  in  solution  transparent  to 
the  rays  of  light,  yet  are  either  opaque  or  only  translucent  to 
the  rays  of  heat.  It  has  been  found  more  recently,  that  solu- 
tions which  are  perfectly  colourless  and  clear  as  water,  exer- 
cise very  different  functions  on  the  rays  of  heat,  and  though 
in  an  examination  of  upwards  of  two  hundred  and  seventy 
such  solutions,  none  have  yet  been  found  which  are  absolutely 
opaque  to  the  rays  of  heat,  there  are  some  which  approach 
that  condition.  Vegetable  solutions  exercise  a  similar  in- 
fluence. Turnsole  dissolved  in  water,  when  the  thickness  is 
about  a  quarter  of  an  inch,  permits  only  about  four  rays  of 
heat,  out  of  every  hundred  which  falls  upon  it,  to  pass  through: 
this  is  a  blue  solution  ;  a  decoction  of  Brazil  wood  which  is 
red,  a  decoction  of  Logwood  in  alum  which  is  purple,  and 
tincture  of  turmeric  which  is  yellow,  have  the  same  effect. 

A  solution  of  the  chromate  of  potassa  is  nearly  opaque  to 
the  chemical  ray,  but  is  transparent  to  the  ray  of  light,  and 
more  than  semi-transparent  to  the  ray  of  heat ;  the  bichro- 
mate of  potassa  seems  to  be  absolutely  opaque  to  the  chemical 
ray,  for  a  beam  of  light  three  inches  in  diameter,  conveyed  to 
a  focus  by  a  convex  lens,  after  traversing  such  a  solution 
one-fourth  of  an  inch  thick,  did  not  blacken  chloride  of  silver 
in  an  exposure  of  fifteen  minutes.  All  the  vegetable  solutions 
above  named  are  likewise  nearly  opaque ;  but  a  solution  of 
the  sulphate  of  copper  and  ammonia,  when  in  a  mass  thick 
enough  to  stop  almost  all  the  rays  of  light,  is  freely  permeated 
by  the  chemical  rays.     It  is  curious  that  several  yellow  me- 
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tallic  solutions,  as  the  chloride  of  gold,  the  chloride  of  plati- 
num, the  permuriate  of  iron,  and  the  hydrosulphate  of  lime, 
act  about  as  powerfully  as  the  chromate  of  potassa,  but  this 
peculiar  tint  is  not  always  effectual  in  producing  this  result, 
for  the  yellow  oil  of  turpentine,  and  the  yellow  ferrohydrocy- 
anate  of  potassa,  fail  to  prevent  the  blackening  of  the  chloride. 
These  experiments,  therefore,  decide  the  question  of  the 
separate  existence  of  calorific  and  chemical  rays  in  solar  light ; 
they  also  enable  the  philosophic  chemist  to  insulate  each  in- 
gredient and  operate  upon  it  by  itself,  a  matter  of  the  utmost 
importance  in  the  investigation  of  the  properties  of  light. 

Ibid. 


Presence  of  Iodine  in  various  minerals^  and  in  plants  which 
grow  remote  from  the  Sea. 

Iodine  was  first  discovered  in  the  ashes  of  sea  weed ;  after- 
wards in  sponge  and  in  the  waters  of  some  mineral  springs. 
This  singular  substance  seemed  therefore  to  be  justly  ranked 
among  marine  productions,  when,  to  the  astonishment  of 
chemists,  Vauquelin  detected  it  in  considerable  portion  in  a 
specimen  of  an  Argentiferous  mineral  which  had  been  sent 
him  from  Mexico.  No  one  knew,  however,  from  what  locality 
this  mineral  was  derived. 

Recollecting  these  circumstances,  M.  Arago  announced  to 
the  Academy,  that  having  fallen  in  company  with  some  young 
officers  of  the  corps  of  engineers  which  the  Mexican  govern- 
ment had  just  sent  to  Paris  to  continue  their  studies,  it  came 
into  his  mind  to  speak  of  Vauquelin's  discovery,  but  without 
any  expectation  whatever,  that  these  young  milttaires  could 
supply  the  information  which  was  wanting  with  respect  to 
the  locality  of  the  mineral  in  question.  We  may  imagine 
how  agreeably  he  was  surprised  in  receiving  from  Captain 
Yniestra  a  note,  of  which  the  following  is  nearly  a  literal 
translation. 

**At  the  time  when  Vauquelin  discovered  Iodine  in  a  silver 
ore,  from  Mexico,  M.  del  Rio,  professor  of  mineralogy  at  our 
School  of  Mines,  proved  the  presence  of  the  same  substance 
in  the  pure  silver  of  Albarradon.  This  is  the  name  of  a  dis- 
trict contiguous  to  that  of  Mazapil  in  the  department  of 
Zacatacas.  Temeroso  is  the  name  of  the  mountain  of  Albar- 
radon, where  the  silver  mines  are  situated. 

"  Our  noted  Bustamente  has  also  found  Iodine  in  the  white 
lead  of  the  mine  of  Catorce,  situated  in  the  department  of 
Guanajuato.     In  1834,  in  company  with  Mr.  Herrera,  I  made 
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mygelf  a  quantitative  analysis  of  this  last  mentioned  mineral 
I  will  give  you  the  results  when  my  trunk  arrives. 

"  I  know  not  whether  you  have  been  informed,  that  in 
Mexico,  Iodine  has  been  discovered  in  the  Sabila  and  the 
Romeritos.  The  Sabila  is  a  plant  of  the  genus  maguey 
(agaves)  which  grows  on  the  plains  and  on  the  sides  of  moun- 
tains. The  Romeritos  is  a  kind  of  varilla  which  vegetates  on 
the  floating  gardens  of  the  fresh  water  lakes  in  the  neighbour- 
hood of  the  Capital,  it  is  much  eaten  during  lent." 

^nnales  de  Chemie. 
Ibid. 


Rapid  Congelation  of  Water  by  means  of  Hydric  Ether  and 
concentrated  Sulpuric  Acidy  S^c.     By  R.  Hark.  M.  D. 

In  freezing  water  by  the  vaporization  of  Hydric,  commonly 
called  Sulphuric  Ether,  -there  is  much  labour  in  pumping, 
and  the  etherial  vapour  condensing  in  the  pump,  disqualifies 
it  for  nice  experiments  until  cleansed.  Dr.  Hare  finds  that 
the  interposition  of  sulphuric  acid  lessens  the  requisite  labour, 
and  protects  the  pump.  By  means  of  a  globe  or  bottle  with 
two  tubulure,  and  a  glass  funnel  with  a  cock,  the  acid  being  in 
the  globe,  the  water  in  a  retort,  and  the  ether  in  the  funnel, 
while  the  two  former  are  exhausted,  on  allowing  the  ether  to 
descend  upon  the  water,  the  congelation  of  this  liquid  is 
instantaneous. 

It  has  been  ascertained  by  the  same  chemist,  that  a  per- 
manent self- regulating  reservoir  of  chlorine,  may  be  made 
by  means  of  the  apparatus  heretofore  used  by  him  for  nitric 
oxide,  substituting  for  the  materials  used  in  that  case,  man- 
ganese in  lumps  and  concentrated  muriatic  acid. 

In  one  case.  Dr.  Hare,  doubting  the  purity  of  the  gas, 
from  some  indications,  among  others  the  want  of  the  usual 
degree  of  colour,  in  order  to  test  it  he  exposed  leaves  of  a 
thin  metal  called  Dutch  gold  leaf,  to  a  jet  of  this  gas  as  he 
had  previously  done  repeatedly,  without  any  ill  consequence  5 
to  his  astonishment,  an  explosion  took  place,  which  burst 
the  apparatus  and  produced  a  detonation  as  loud  as  if  one  of 
the  explosive  compounds  of  chlorine  and  oxygen  had  been 
generated.  Yet  the  only  agents  employed  were  perexide  of 
manganese  and  chloro-hydric  (muriatic)  acid.  It  was  the 
deficiency  of  intensity  in  the  colour  which  led  him  to  test  it 
by  means  of  the  leaf  metal.  The  colour  of  the  protoxide  is 
jsnown  to  be  of  a  deeper  yellow  than  that  of  chlorine. 

Ibid. 
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LXIV.  Experimental  and  Theoretical  Researches  in  Elec- 
tricity. First  Memoir,  5y  William  Sturgeon,  Lecturer 
on  Experimental  Philosophy,  at  the  Honourable  East 
India  Company^s  Military  Seminary,  Addiscombe.* 

SECTION    I. 
Read  December  5th,  1837. 

Different  opinions  of  philosophers  respecting  the  nature  of 
electric  action — The  vibratory  Hypothesis  examined — Its 
principles  not  analogotis  to  those  of  the  hypotheses  of 
Sound  and  Light — Evidences  of  the  existence  of  an  elec- 
tric matter. 

1.  The  memoir  which  I  am  now  about  to  offer  to  the  notice 
of  the  Electrical  Society  may  be  considered  as  the  first  of  a 
series  which  it  is  my  intention  to  bring  forward  as  speedily  as 
circumstances  will  permit.  These  memoirs  will  exhibit  a 
selection  and  arrangement  of  facts,  which,  if  I  have  not 
deceived  myself,  can  hardly  fail  to  have  some  weight  in  the 
reasonings  of  those  philosophers  whose  opinions  are  not  yet 
reconciled  to  each  other  respecting  the  moaus  operandi  in  the 
production  of  certain  electrical  phenomena. 

2.  In  an  enquiry  of  this  kind  it  often  happens  that,  not- 
withstanding the  apparently  trivial  circumstance  to  which  it 
is  mainly  directed,  it  becomes  essentially  necessary  not  only 
to  notice,  but  to  investigate,  certain  other  points  with  which 
it  is  obviously  connected,  in  order  to  satisfy  the  mind  res- 
pecting the  bearing  and  influence  which  those  points  have 
upon  each  other;  as  also,  on  that  which  is  the  principal  object 
of  pursuit. 

*  From  the  Transactions  of  the  London  Electrical  Society. 
Vol.  II,— l!io.\2.— June,  1838.  2  F 
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3.  Philosophers,  of  the  present  day,  have  taken  such 
extremely  dissimilar  views  of  the  nature  of  electric  action 
that  they  have  imposed  upon  us  the  indispensableness  of  a 
minute  retrospection  of  almost  all  the  variety  of  phenomena 
that  have  hitherto  been  developed ;  the  laws  of  whose  exhibi- 
tion necessarily  contribute  to  the  establishment  of  those 
impenetrable  and  unalterable  principles  upon  which  the 
science  must  ultimately  rest;  and  have  demanded  a  reinves- 
tigation of  even  the  very  arcanum  of  all  electric  action. 

4.  A  certain  class  of  these  philosophers  who  have  under- 
taken the  explanation  of  electric  phenomena,  consider  it 
requisite  to  combine  the  operations  of  two  distinct  kinds  of 
electric  matter,  which  they  have  called  the  vitreous  and  the 
resinotcs ;  independently  of  which,  they  imagine,  no  electric 
phenomena  can  possibly  exist.  A  second  class  have  contented 
themselves  with  the  management  of  one  fluid  only;  whilst  a 
thhrd  class,  still  more  economical  than  the  preceding,  have 
undertaken  the  solution  of  every  electric  problem,  hitherto 
discovered,  independently  of  the  operation  of  any  electric 
matter  whatever;  by  supposing  that  electric  phenomena  are 
the  effects  of  certain  rotatory,  or  vibratory,  motions  of  the 
particles  of  the  common  matter  composing  those  bodies  on 
which  they  are  displayed.  Each  of  these  hypotheses,  is  sup- 
ported by  men  of  the  highest  respectability,  and  of  acknow- 
ledged talent.  They  are  become  subjects  of  much  important 
discussion  amongst  electricians  of  every  country;  and^  there- 
fore, a  rigid  and  impartial  investigation  of  the  principles  on 
which  they  are  founded  is  the  only  mode  of  proceeding  which 
can  satisfy  the  mind  as  to  the  intrinsic  value  of  their  res- 
pective pecnliiarties,  and  to  form  a  proper  estimate  of  their 
mdividual  claims  to  attention.  ITie  results  of  such  an  enquiry, 
if  properly  conducted,  can  hardly  fail  to  be  interesting  to  the 
Electrical  Society;  whilst,  in  the  present  instance,  it  may  be 
regarded  as  an  important  preliminary  step  unavoidably  touched 
upon  in  the  path  of  research  I  have  ventured  to  pursue. 

5.  In  an  undertaking  of  this  magnitude  and  importance, 
under  circumstances  embracing  a  balance  of  authority 
amongst  those  who  have  taken  these  very  different  views  of 
electric  action,  much  caution  and  rigorous  circumspection 
ought  necessarfly  to  be  observed  in  every  stage  of  the  enquiry. 
Moreover,  the  present  infantile  state  of  this  Society  impera- 
tively demands  that  a  copious  selection  of  obvious  and  une- 
quivocal experimental  data  be  advanced,  and  that  all  reasoning 
therefrom  be  plain,  lucid,  and  familiar. 

6.  Respecting  the  order  in  which  these  hypotheses  come 
under  consideration,  the  precedency  would  have  been  but  of 
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very  little  consequence  had  the  probability  of  truth  appeared 
equally  favourable  amongst  them^  or  that  they  had  differed 
from  each  other  in  some  trifling  peculiarity  of  detail  only ; 
but  as  there  is  such  a  wide  difference  in  the  very  basis  of 
these  doctrines,  and  especisJIy  between  those  which  admit  of 
the  existence  of  an  electric  matter  and  that  which  precludes 
it  altogether,  it  appears'  essential  that  the  mind  becomes 
perfectly  satisfied^  as  early  as  possible,  respecting  the  nature 
of  the  evidence  on  which  these  opposite  theoretical  views 
have  been  founded,  and  by  which  they  are  the  most  likely  to 
find  support;  in  order  that  the  investigation  may  be  facilitated 
by  disposing  of  those  first  which  appear  to  have  the  least  pro- 
bability in  their  favour.  Moreover,  as  the  existence  of  an 
electric  matter  has,  for  a  long  series  of  years,  been  acknow- 
ledged by  almost  every  philosopher  who  has  paid  a  sufficient 
degree  of  attention  to  the  subject  to  enable  him  to  form  an 
unbiassed  opinion,  resting  on  experience  alone :  and  that  the 
vibratory  hypothesis  appears  more  like  a  novel  creation  of  the 
imagination  than  as  a  doctrine  founded  on  observation  and 
fiict,  and  still  remains  little  more  than  ^  confiision  of  dis- 
cordant surmises,  without,  even  the  least  pretensions  to  syste- 
matic organization,  or  the  shadow  of  either  law  or  rule  for  the 
guidance  of  the  electrician,  there  can  appear  no  impropriety 
in  commencing  with  a  brief  enquiry  into  the  extent  of  inter- 
pretation of  electrical  phenomena,  which  the  latter  hypothesis 
is  capable  of  affording :  and  afterwards  examining  that  which 
has  so  long  rested  on  the  supposition  of  the  individuity  of  an 
electric  matter;  and  which  has  obtained  a  code  of  laws  sup- 
posed to  be  sufficiently  explanatory^  as  far  as  they  proceed,  of 
every  fact  hitherto  developed  in  certiain  branches  of  electricity. 
7.  If  the  hypothesis,  first  for  consideration,  supposes  that 
electric  action  depends  upon,  and  emanates  from,  vibratory 
movements  of  the  particles  of  those  kinds  of  matter  of  which 
the  apparatus  employed  are  usually  constructed,  such  as  metal, 
wood,  glass,  &c.,  independently  of  any  other  agency,  there 
could  be  no  difficulty  in  showing  its  entire  fallacy:  because 
it  is  a  fact  easily  ascertained,  that  no  very  energetic  electric 
action,  if  any  at  all,  can  possibly  be  exhibited  by  any  vibratory 
movements  which  those  bodies  are  susceptible  of  receiving  by 
mechanical  means;  although  those  vibrations  might  be  in- 
finitely greater  than  could  possibly  be  produced  by  any  other 
mode  of  procedure.  Nor  can  I  think  it  possible  that  any 
electrician,  of  the  present  day,  whatever  may  be  his  theo- 
retical views,  or  however  fond  he  may  appear  to  be  of  novel 
modes  of  explanation,  would  be  found,  so  far  deficient  in  elec- 
trical knowledge   as  to  hazard  his  fame  by  an  attempt  to 
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charge  a  Leyden  jar  by  the  mere  vibration  of  a  mass  of  cop- 
per, glass,  wood,  or  any  other  solid  body  whatever. 

8.  If,  again,  it  can  be  supposed  that  the  charge  of  a  Ley- 
den jar  or  any  other  piece  of  glass,  consists  in  certain  tremu- 
lous motions  of  one,  or  more,  of  the  materials  of  its  structure, 
communicated  from  the  prime  conductor  of  a  machine ;  is  it 
possible  to  imagine  that  those  motions  would  continue  during 
the  weeks,  nay,  even  months,  that  jars  have  been  kept  in  an 
electrized  condition  after  they  had  ceased  to  be  in  connexion 
with  any  electric  apparatus?  There  is  no  evidence  of  such 
continuous  quiverings  of  the  glass,  nor  is  there  a  fact  known 
to  induce  a  belief  that  any  tremblings  exist  in  the  instrument 
even  for  a  few  moments  after  it  has  been  taken  from  the  ma- 
chine; nor  indeed  any  whatever,  only  such  as  are  occasioned 
by  the  unavoidable  shaking  attending  the  working  of  the 
apparatus. 

9.  Can  any  one  persuade  himself  that  the  electric  action 
exhibited  by  two  morsels  of  metal,  by  simple  contact  only, 
is  occasioned  by  tremulous  motions  communicated  to  the 
metallic  particles  by  the  pieces  just  touching  one  another? 
Can  he,  moreover^  stretch  his  imagination  so  far  as  to  satisfy 
himself  that  the  metals  constituting  a  dry  electric  column  wiU 
continue  to  quake  for  years  after  the  instrument  is  first  made; 
and  that,  notwithstanding  all  the  care  that  is  taken  to  pre- 
vent any  motion  amongst  the  materials  of  the  pile,  the  elec- 
tric phenomena  exhibited  by  it  are  the  mere  effects  of  a 
tendency  to  motion  which  these  materials  naturally  possess, 
and  which  keeps  them  trembling  in  spite  of  all  the  efforts  of 
the  workman,  and  contrary  to  the  laws  of  inert  matter  i 

10.  I  am  well  aware  that  the  fevourites  of  this  hypothesis 
build  much  of  their  reasoning  upon  supposed  analogies:  and 
particularly  from  the  doctrines  of  sound  and  light;  wherein  it 
is  considered  that  all  the  variety  of  phenomena  constituting 
accoustics  and  optics  are  the  effects  of  undulatory  motions  of 
matter,  which,  in  itself,  is  neither  sound  nor  light.  But  it 
must  be  borne  in  mind,  that  sound  is  not  produced  without  a 
first  cause.  The  sonorous  body  must  first  be  agitated  before 
it  can  be  productive  of  sound ;  and  the  surrounding  medium 
must  be  agitated  to  the  ear  in  order  to  convey  the  proper  im- 
pressions to  the  tympanum,  otherwise  the  sensation  of  sound 
cannot  exist. 

11.  Light,  also,  requires  a  first  cause  to  shake  the  medium 
which  is  supposed  to  be  productive  of  it.  Moreover,  the  me- 
dium itself  is  supposed  to  be  peculiar ^  and  alone  appropriate 
to  the  exhibition  of  the  phenomena  of  light.  Hence  it  is 
obvious,  that  unless  the  electro-undulatory  theorists  admit  of 
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the  tremulous  motions  of  some  peculiar  species  of  matter,  they 
find  but  little  support  from  analogy,  as  far  as  regards  the 
doctrines  of  sound  and  light.  And  an  unequivocal  concession 
of  this  point,  would  dispossess  the  hypothesis  of  the  most 
material  peculiarity  discoverable  in  its  structure,  by  admitting 
of  the  existence  of  an  electric  matter;  and  whatever  appella- 
tion might  be  conferred  on  it,  the  very  idea  of  its  existence, 
and  of  the  indispensableness  of  iti^  presence  in  the  production 
of  phenomena,  would  be  sufficient  to  assimilate  this  hypothesis 
with  those  it  was  intended  to  subvert.  Or  if  there  could  be 
any  real  difference,  it  would  consist  in  the  substitution  of 
vibrations  for  transmissions, 

12.  As  it  is  not  my  intention  to  enter  into  a  historical  ac- 
count of  the  respective  hypotheses  which  have  been  contrived 
for  the  explanation  of  electrical  phenomena,  it  will  be  unne- 
cessary to  bring  forward  the  names  of  individuals  who  have 
attempted  to  support  that  to  which  they  have  been  most 
decidedly  attached.  Moreover,  the  hypotheses  of  Du  Fay  and 
Franklin  are  so  well  known  to  electricians  that  it  would  be 
quite  unnecessary,  at  the  present  day,  to  go  through  a  detail 
ofthe  principles  on  which  they  are  respectively  founded.  And, 
although  we  are  very  differently  circumstanced  with  respect 
to  the  vibratory  hypothesis,  there  being  no  work  in  which  its 
principles  are  intelligibly  developed,  and  consequently  no 
source  from  which  much  useful  information  can  be  collected,  it 
would  be  idle  to  discuss  phantom  theories  which  no  one  would 
claim ;  and  which,  in  consequence  of  the  vague  indeterminate 
manner  in  which  they  have  been  ventured  upon  the  credulity 
of  philosophers,  it  would  be  difficult  to  trace  to  any  origin  by 
which  they  could  not,  without  any  refined  sophistical  dexterity, 
be  very  easily  evaded.  Indeed,  I  am  not  aware  that  any  phi- 
losopher has  attempted  to  lay  down  a  plan  for  an  electrical 
hypothesis  in  which  a  peculiar  species  of  matter  is  entirely 
dispensed  with :  although  there  are  some  of  them,  of  consider- 
able eminence,who  have  ventured  an  opinion  that  the  existence 
of  such  matter  is  not  essential  to  the  production  of  electrical 
phenomena :  assuming  that  some  undefineU  motion  amongst 
the  integrant  particles  of  those  bodies  usually  employed  in  the 
experiments  are  alone  sufficient  for  the  explanation.  It  would 
be  exceedingly  difficult,  if  not  totally  impossible,  to  form  a 
rational  idea  of  any  mode  by  which  such  motions  of  the  par- 
ticles of  solid  matter  could  possibly  exist.  Such  an  idea  ap- 
pears insusceptible  of  demonstration,  and  bears  not  even  the 
slightest  token  of  probability.  But  admitting  even  the  exist- 
ence of  these  supposed  motions,  under  certain  circumstances, 
they  would  have  to  be  regarded  as  effects rnXhex  than  causes: 
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which,  like  aU  other  eflTects,  would  be  referrible  to  some  pre- 
existent  force,  however  mysteriously  that  force  might  operate, 
or  however  its  operations  might  be  concealed  from  mental 
perception.  The  friction  suffered  by  the  revolving  glass,  or 
the  stationary  cushion  of  a  machine,  might  possibly  be  con- 
strued into  a  cause  sufficient  to  produce  the  supposed  atomical 
motions:  but  its  efficacy  in  this  respect,  would  require  an 
elaborate  strength  of  the  imagination  to  contmue  it  to  elec- 
trized jars  long  detached  from  the  prime  conductor,  and  &r 
removed  from  all  other  electric  apparatus. 

13.  Any  attempt  to  trace  the  polarity  of  the  dry  pale,  <w 
the  electric  condition  of  a  still  atmosphere,  or  any  other  dec- 
tro-statical  phenomena  to  the  supposed  restlessness  of  the 
particles  of  the  metals,  or  of  the  air,  would  have  to  be  Ventured 
under  the  most  unfavourable  circumstances  that  could  possibly 
have  accompanied  it :  viz.  in  the  absence  of  both  fact  and 
analogy.  Every  vertical  column  of  a  dry  cloudless  atmosphere, 
whatever  may  be  its  dimensions,  is  constantly  efec^o-polar  in 
one  and  the  same  direction,  having  its  positive  pole  upwards.* 
But  it  would  be  difficult  to  reconcile  the  mind  to  a  belief  that 
this  circumstance  is  solely  owing  to  the  intestine  motions 
amongst  the  particles  of  the  air,  and  independently  of  any 
other  agent.  Again,  the  two  sides  of  a  single  pece  of  thin 
metal,  the  one  bright  and  the  other  dull  ;t  or  both  bright  bnt 
of  different  degrees  of  polish,  are  as  decidedly  eleetro^polar  as 
the  two  surfaces  of  an  electrized  jar ;  or  of  the  two  extremities 
of  the  most  extensive  voltaic  arrangement :  and  it  appes^s  to 
be  of  little  consequence  how  thin  the  metallic  piece  may  be 

*  I  have  made  more  than  five  hundred  experhno^ntswith  jcitesfor 
exploring  the  electricity  of-  the  atmosphere ;  imd^  in  every  case, 
when  clouds  do  not  interfere,  I  have  found  the  uroec  strata  posi- 
tively electrical,  with  reference  to  those  which  are  below.  I  na?e 
had  mree  kites,  and  soipetimes  five,  at  different  altitudes  at  ihe  same 
time :  and  have  transmitted  sparks  from  one  to  another  from  the  top 
to  the  bottom  of  the  series :  m  every  case  I  found  the  uppermost  of 
a  pair,  to  be  the  positively  electrized  stratum  of  the  atmosphere:  so 
that  if^the  strata  m  which  the  kites  were  immersed  wer^  at  altitudes 
corresponding  to  the  series  1,  9,  8,  4, 5,  thei^  relative  electric  states 
would^  be  very  conveniently  represented  by  those  numbeis.  The 
experiments  were  made  at^fifferent  seasons  of  the  year,  and  in  every 
part  of  day  and  night  When  clouds  interfere,  the  aistribution  of 
electricity  natural  to  an  unmolested  atmosphere  is  often  disturbed; 
and  other  phenomena  occur  which  will  be  more  particularly  noticed 
in  a  future  memoir. 

+  See  my  "Recent  Experimental  Researches  in  Electro-mag- 
netism and  Galvanism,  part  1,  1830. 
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for  this  development  of  electro-polarity:  but  it  would  be 
ridiculous  in  the  extreme  to  refer  this  circumstance  to  the 
imaginary  quiverings,  or  rotations  of  the  metallic  particles 
constituting  the  piece,  I  have  now  in  my  possession,  some 
hundreds  of  pieces  of  thin  zinc,  each  of  which»has  had  its  two 
surfaces  in  opposite  electrical  conditions  for  more  than  ten 
years ;  but  I  have  never  attributed  their  electro-polarity  to 
any  quiverings  or  other  motions  of  the  metallic  particles;  nor 
can  1  conceive  that  such  an.  idea  is  possible  to  be  formed 
either  from  any  direct  fact,  or  even  from  the  most  remote 
analogy.  Light  certainly  pervades  solid  transparent  bodies: 
but  it  is  not  considered  essentially  necessary  that  the  solid 
particles  of  those  bodies  should  become  agitated  for  its  trans- 
mission: or  if  such  intestine  motions  of  the  transparent  body 
even  were  required  to  accommodate  the  theory  to  the  fact, 
still  they  would  have  to  be  acknowledged  as  effects  and  not 
causes :  and  even  the  waves  of  light  themselves,^  which  pro- 
duced those  effects,  would  have  to  be  traced  to  a  still  more 
remote  cause,  which  itself  might  be  discovered  to  be  an  efiect 
of  the  primitive  disturbing  force. 

14.  The  ticking  of  a  watch,  or  the  scratching  of  a  pin  at 
the  remote  end  of  a  long  piece  of  timber,  is  more  distinctly 
heard  b^  an  ear,  placed  at  the  other  end,  than  if  ho  such  sub- 
stance had  intervened;  but  whether  the  explanation  of  this 
fact  were  to  rest  on  the  supposition  of  the  impressions  beii% 
communicated  to  the  ear  through  the  medium  of  the  air  in  the 
capillaries  of  the  wood,  or  on  the  incomprehensible  vibrations 
of  the  solid  mass,  the  immediate  causes  of  those  movements 
would  still  have  to  be  referred  to  those  of  the  watch,  or  the 
pin:  and  those  again  to  the  respegtive  forces  which  put  these 
articles  into  motion.  Hence,  in  these  cases,  as  in  all  others,  I 
have  had  occasion  to  notice,  the  phenomena  of  light  and  sound 
are  to  be  attributed  to  extrinsic  causes,  there  being  not  the 
slightest  evidence  in  favour  of  the  supposition  that  either  class 
of  phenomena  is  a  mere  consequence  of  an  innatie  corpuscular 
motion  of  those  media  which  immediately  transmit  the  appro- 
priate impressions  to  the. respective  organs  of  sight  and  hear^ 
ing :  and  consequently  no  analogies  discoverable,  from  which 
an  idea  could  be  formed,  of  any  innated  atomic  motions  of  the 
metal  being  the  cause  of  electric-polarity  in  the  pieces  of  zinc 
already  mentioned  (13).  Having  mentioned  the  motions  of 
a  watch  as  being  referrible  to  another  cause  which  is  obviously 
traceable  to  the  main  spring;  and  as  this  part  of  the  machine 
appears  to  exert  a  force  of  its  own  accord,  it  may  possibly  be 
imagined  that  the  hypothesis  I  have  been  discussing  would 
find  a  favourable  analogy  in  that  ckcumstance.     But  it  must 
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be  borne  in  mind^  that  unless  the  spring  had  been  first  moved 
by  some  other  force  it  would  never  have  exerted  any  power 
over  the  other  works  of  the  watch ;  for  whilst  in  its  original 
form^  and  unmolested,  it  is  perfectly  inert.  Hence,  the 
assumptive  analogy  again  fails ;  and  I  believe  no  analogy  is  to 
be  found  within  the  precincts  of  physical  science. 

15.  Whether  electric  phenomena  be  regarded  as  a  mere 
variety  of  an  extensive  class,  including  those  of  light,  heat, 
and  magnetism,  or  as  a  distinct  kind  traceable  to  an  individual 
source,  the  probability  of  an  electric  agent  would  be  very 
gpreat,  and  much  favoured  by  analogy :  but  there  are  other 
sources  of  information  of  much  greater  importance,  from  which 
inferences  may  be  drawn  and  satisfactory  conclusions  formed 
on  this  part  of  the  electrical  hypothesis.  The  indications  of 
the  existence  of  an  electric  matter  are  so  various  and  exten- 
sive, that  one  would  almost  wonder  how  any  idea  to  the  con- 
trary could  possibly  have  been  formed.  The  mechanical  and 
calorific  phenomena  of  electricity  are  those  which  are  most 
usually  recomised  as  the  productions  of  an  electric  agent; 
although,  I  believe,  there  are  none  hitherto  developed,  that 
might  not  as  easily  be  traced  to  the  same  cause.  The  dis- 
placement of  granular  substances ;  the  perforation  of  compact 
bodies ;  and  the  fracture  of  those  which  are  brittle,  such  as 
glass;  and  the  violent  blows  given  to  animals  by  electric  dis- 
charges, are  all  indicative  of  the  action  of  some  agent  of  con- 
siderable mechanical  force.  Moreover,  these  efiects  can  be 
augmented  almost  to  any  extent,  or  they  may  be  abated  so  as 
to  be  scarcely  discernible :  and  this  under  circumstances 
wherein  it  would  be  said,  in  electrical  language,  that  the  same 
quantity  of  fluid  were  in  motion  in  every  case.  If,  for  instance, 
tne  electric  force  excited  by  fifty  turns  of  a  machine,  were  to 
be  collected  in  a  hi^h  state  of  intensity  on  the  surface  of  a 
jar,  and  afterwards  discharged  in  the  usual  manner,  through 
a  metallic  circuit,  in  an  opening  of  which  were  placed  a  man, 
a  pile  of  card  paper,  or  a  granulous  substance,  such  as  loose 
sand,  or  gunpowder ;  a  violent  blow  would  be  given  to  the 
man,  the  pile  of  paper  would  be  perforated  or  even  torn  to 
pieces,  or  the  gunpowder  would  be  blown  away  fi-om  the  spot 
without  ignition ;  each  fact  indicating  a  mechanical  force  of 
considerable  intensity :  and  even  of  the  transmission  or  pas- 
sage of  some  material  agent.  But  if,  instead  of  the  whole  cir- 
cuit, (unoccupied by  the  man, paper,  or  gunpowder),  consisting 
of  metal,  a  portion  of  it,  amounting  to  five  or  six  inches,  were 
of  a  thin  strip  of  water,  or  a  moistened  thread  of  cotton,  silk, 
or  any  such  material,  no  such  mechanical  efiects  woidd  be 
produced.     The  man  would  experience  no  shock,  the  paper 
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would  not  be  torn,  nor  would  the  gunpowder  be  scattered  as 
before ;  but  it  would  now  be  set  on  fire. 

16.  It  would  be  exceedingly  difficult  to  reconcile  these 
phenomena  to  any  self  vibratory  motions  which  could  be 
imagined  to  exist  in  the  materials  of  the  circuit,  or  to  any 
motions  of  this  kind  pre-existing  in  the  jar  and  transferred  to 
them.  But,  by  admitting  the  existence  of  an  active  electrical 
agent,  distinct  from  the  solid  and  liquid  parts  of  the  appara- 
tus, we  are  able  to  find  an  easy  and  natural  solution  to  the 
problems  which  these  varied  phenomena  present. 

17.  By  assuming  that  the  fifty  turns  of  the  machine,  forced 
a  certain  measure  of  the  electric  matter  on  to  the  surface  of 
the  glass,  and  that  through  the  metallic  circuit  this  matter  was 
enabled  to  move  with  great  celerity ;  we  have  then  all  the  data 
necessary  to  satisfy  the  conditions  of  an  electro-momentum  of 
great  energy,  which  is  amply  manifested  by  the  effects  it  pro- 
duces. But,  on  the  other  hand,  when  the  same  quantity  of 
the  electric  matter  is  transmitted  through  the  moistened 
thread,  or  any  other  inferior  conductor  capable  of  retarding 
its  velocity,  the  momentum  would  obviously  be  lessened  upon 
the  strict  principles  of  matter  in  motion  :  and  the  mechanical 
effects  upon  bodies  placed  in  the  circuit,  would  be  propor- 
tionally abated ;  which  is  conformable  to  the  results  of  the 
experiments. 

18.  If  it  can  be  imagined  that  with  the  metallic  circuit 
the  vibrations  were  more  powerfiil  than  when  a  part  of  it  con- 
sisted of  inferior  conductors,  and  that  the  mechanical  action 
was  increased  accordingly,  we  should  be  under  the  necessity 
of  allowing,  that  the  less  degree  of  vibratory  motion  is  essential 
to  the  ignition  of  the  gunpowder.  But  how  should  we  be 
enabled  to  reconcile  this  latter  conclusion  to  other  facts  in 
which  calorific  effects  of  electric  discharges  are  so  eminently 
displayed  ?  A  piece  of  steel  wire  is  ignited  by  an  electric  dis- 
charge, under  no  other  circumstances  than  when  the  entire 
circuit  is  metallic,  or  at  least  of  very  good  conducting  mate- 
rials :  and  the  more  completely  is  the  conducting  powers  of 
every  other  part  of  the  circuit  maintained,  the  more  probable 
it  is  that  the  thin  steel  wire  will  be  ignited.  If  the  steel  wire 
be  short,  it  may  be  fused  by  a  discharge  from  a  moderately 
sized  jar:  but  if  it  be  long,  a  similar  discharge  would  not 
make  it  visibly  red  hot :  and  by  having  a  moistened  thread  in 
the  circuit,  the  thin  steel  wire  would  develop  no  conspicuous 
signs  of  even  an  elevation  of  temperature :  although,  as  has 
already  been  shown,  the  latter  conditions  are  those  alone  under 
which  the  gunpowder  will  ignite.  From  these  facts  we  are  led 
to  understand  that  different  inflammable  substances  require 
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difTerent  modes  of  treatment  to  accomplish  their  ignition  by 
electric  agency;  whilst  in  a  mechanical  point  of  view,  the  cha- 
racter of  the  substances  operated  on  requires  no  peculiarity  of 
circuit  for  the  production  of  similar  effects :  for  invariably  the 
mechanical  action  is  greatest  with  the  best  conducting  cir- 
cuit, and  abates  mdutOly  as  the  circuit  becomes  less  ana  less 
perfect  in  its  conducting  character. 

19.  At  the  time  I  was  making  my  experiments  on  the 
ignition  of  gunpowder  by  electric  discharges,  I  was  well  aware 
of  the  necessity  of  varying  them  in  evei^  possible  manner  that 
I  could  think  of,  and  the  result  of  one  ot  these  experiments 
appears  to  have  led  to  some  doubt  oi  the  correctness  of  the 
theory  which  I  then  advanced  to  account  for  the  cause  of  the 
action ;  the  principal  part  of  which  may  be  embraced  in  a 
few  words  as  follows.  When  the  discharge  is  made  through 
good  conductors ;  as  copper  wire,  for  instance,  the  electric 
matter  passes  through  the  gunpowder  with  so  great  a  velocity 
that  it  has  not  time  to  ignite  it ;  but  when  that  matter  is 
retarded  in  its  progress  by  having  to  traverse  inferior  conduc- 
tors the  time  occupied  to  pass  through  any  transverse  section 
of  the  circuit  is  sufficiently  great  to  accomplish  the  ignition.* 
This  explanation  has  been  objected  to  because  it  is  a  feLct  that 
in  whatever  part  of  the  circmt  the  wet  string  formed  a  part  of 
it,  the  gunpowder  invariably  ignited  ;  and  because  the  igni- 
tion was  accomplished  when  the  wet  string  was  placed  on 
what  is  usually  called  the  negative  side  of  the  gunpowder,  it 
has  been  thought  that  the  string  could  have  no  part  in  retard- 
ing the  motion  of  the  electric  matter  whilst  traversing  the 
gunpowder.  This  objection,  however,  may  be  very  easily 
removed  by  assuming  the  electric  matter  as  a  highly  elastic 
fluid ;  and  contemplating  the  phenomenon  in  question  upon 
the  principles  of  elastic  fluids  generally.  If,  ror  instance^  a 
reservoir  o£  condensed  air  were  to  be  discharged  through  a 
tube  sufficiently  wide  to  offer  little  resistance  to  its  motion  it 
would  rush  through  the  tube  with  considerable  velocity,driving 
before  it,  of  course,  the  air  of  the  common  density  with  which 
the  tube  was  previously  filled;  or,  in  other  words,  the  same 
quantity  of  air  as  that  which  was  liberated  from  the  reservoir 
would  occupy  but  very  little  time  in  passing  out  at  the  farthest 
end  of  the  tube.  But  if  a  similar  reservoir  of  air  were  to  be 
discharged  through  the  same  tube,  now  terminating  with 
another  of  narrow  bore,  the  time  occupied  for  the  escape  of 

*  See  my  papers  on  the  ignition  of  gunpowder  by  electric  dis*. 
charges.  London  Phil.  Maff.  voL  Ixvii;  and  vol.  i,  of  the  United 
Series  of  the  Phil.  Mag.  and  Annals  of  Philosophy. 
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the  air  would  be  muck  grenter  than  in  th6  former  instance ; 
and  precisely  the  same  period  of  time  would  be  occupied  if 
the  small  tube  were  in  any  other  part  of  the  circuit,  provided 
the  whole  of  the  air  had  to  traverse  it.  If  now  this  reasonic^ 
be  transferred  from  the  fluid. air  to  the  electric  fluid,  it  will 
lead  to  similar  conclusions,  and  show  that  if  the  velocity  of 
the  fluid  be  checked  in  any  one  part  of  the  circuit  it  will  also 
be  checked  in  every  other  part  of  it. 

20.  That  the  time  occupied  for  a  discharge  through  the 
two  kinds  of  circuits  is  different,  being  much  greater  in  one 
case  than  in  the  other,  is  so  exceedingly  obvious,  that  no  one 
acquainted  with  the  experiments  would  attempt  to  deny  the 
fact.  Notwithstanding,  however,  it  may  possibly  be  neces- 
sary, in  this  place,  to  mention  some  of  the  appearances  and 
effects  by  which  it  is  -most  easily  attested  and  understood. 
When  the  circuit  is  completely  metallic,  with  the  exception 
of  a  small  opening  in  any  one  part  for  the  purpose  of  ex- 
amining the  electric  light,  the  jar  is  completely  discharged  by 
the  shortest  possible  contact  of  the  discharging  rod ;  or,  in 
other  words,  by  a  mere  momentary  closing  of  the  remaining 
part  of  the  circuit;  and  the  electrical  light  at  the  opening,  is 
seen  but  for  a  moment,  is  exceedingly  brilliant,  ana  attended 
with  considerable  noise.  But  when  the  wet  thread  forms  a 
part  of  the  circuit,  the  jar  is  not  so  suddenly  discharged,  the 
light  is  seen  for  a  considerable  time  at  the  opening,  and  its 
former  brilliancy  has  entirely  disappeared;  being  now  reduced 
to  a  mere  redness,  and  attended  with  scarcely  any  noise  what^ 
ever.  If,  whilst  the  circuit  was  metallic,  a  finger  were  placed 
in  the  opening  during  the  discharge,  the  finger  would  receive 
a  severe  blow,  and  for  a  moment  be  highly  illuminated  within ; 
but  by  employing  the  aqueous  circuit  no  illumination  would 
take  place,  neither  would  anything  like  a  bldw  be  experi- 
enced. The  mechanical  action  .of  an  electric  discharge  is  so 
far  abated  by  having  a  portion  of  the  circuit  of  moistened 
thread,  that  the  most  delicate  child  might  be  placed  in  its  way 
without  experiencing  the  least  inconvenience ;  indeed  scarcely 
any  sensation  is  discernible ;  yet  in  the  very  same  circuit  gun- 
powder might  be  ignited.  I  have  frequently  placed  young 
persons  in  such  a  circuit  during  the  discharge  from  six  square 
feet  of  coated  surface  on  each  side  the  glass,  charged  to  a 
high  intensity.  These  persons  never  experienced  any  disa- 
greeable sensations  from  the  electric  action,  although  eight 
pieces  of  miniature  ordnance  placed  in  other  parts  of  the  cir- 
cuit have  been  discharged  by  the  same  electric  influence. 
But  if  the  circuit  were  to  be  completely  metallic  a  similar 
electric  discharge  would  produce  such  a  violent  blow  that  the 
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stoutest  man  would  not  like  to  experience  the  sensations 
second  time. 

21.  In  all  these  phenomena  we  have  unequivocal  signs  of  the 
existence  of  an  electric  matter,  whose  mechanical  effects  are  as 
decidedly  modified  by  varying  its  velocity  as  are  those  of  any 
other  species  of  matter  whatever;  and  whose  light  also,  is  more 
and  more  intense  as  its  density  increases,  but  which  becomes 
faint  as  it  is  attenuated,  and  viewed  in  a  less  compact  body. 

22.  I  am  well  aware  that  some  philosophers  are  of  opinion 
that  the  brilliant  light  which  is  developed  by  the  electric 
spark,  may  possibly  occur  from  a  sudden  displacement  and 
subsequent  collapsion  of  the  atmospheric  air,  the  caloric  of 
which  becoming  sensible  and  luminous  by  compression; 
founding  their  reason,  principally,  on  the  feet  that  the  air, 
when  mscharged  from  an  air  gun,  produces  light.  Now, 
admitting  this  to  be  the  case,  no  one  could  suppose  that  these 
effects  are  produced  independently  of  an  adequate  force ;  and 
a  physical  force  invariably  implies  the  existence  of  active 
matter.  But  we  have  no  idea— certainly  no  proof — of  a  piece 
of  glass  or  a  piece  of  metal  being  thus  active;  hence  we  are 
constrained  to  admit  of  the  existence  of  some  other  agent  in 
the  production  of  these  phenomena.  Moreover,  it  is  well 
known  that  although  the  electric  light  is  not  so  brilliant  in 
attenuated  air  as  in  that  which  is  more  dense,  its  existence  is 
still  manifested  in  a  very  striking  and  beautiful  manner.  Our 
imitations  of  the  aurora-borealis  are  highly  demonstrative  of 
luminous  electric  matter.  Besides,  if  there  can  be  any  dis- 
cernible analogy  in  the  light  given  by  an  air  gun,  and  that  of 
an  electric  spark,  it  must  certainly  be  exceedingly  remote; 
and  the  mina  in  which  it  is  formed  susceptible  of  more  deli- 
cate impressions  than  that  generally  implanted  in  man. 

23.  The  luminous  phenomena  calculated  to  attest  the 
existence  of  an  electric  matter  are  various  and  extensive. 
The  pencil,  the  star,  the  cascade,  the  falling  star,  and  the 
electric  meteor,  exhibited  over  the  surface  of  moist  conduc- 
tors, are  amongst  those  which  appear  insusceptible  of  explana- 
tion independently  of  an  electric  matter:  and  the  splendid 
bow  between  charcoal  points  attached  to  the  poles  of  a  voltaic 
battery,  is  untraceable  to  any  other  cause.*     No  one,  at  the 

♦  There  is  another  beautiful  phenomenon  of  electrical  light, 
which  is  not  so  familiar  to  many  persons,  as  those  mentioned  in  the 
text  It  is  the  luminous  electrO'Sphere  exhibited  on  a  positively 
charged  conductor.  The  experiment  is  made  in  the  following  man- 
ner : — let  fig.  87,  Plate  XII.,  represent  a  glass  receiver,  furnished 
with  a  collar  of  leathers,  and  a  sliding  rod  passing  through  them. 
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present  day,  doubts  the  identity  of  electricity  and  lightning; 
and  can  there  be  a  mind  sufficiently  impervious  to  external 
impressions  as  to  doubt  of  lightning  consisting  of,  or  emanating 
from,  a  peculiar  and  active  agent?  And  what  physical  agents 
are  there  which  admits  not  of  materiality,  either  directly  or 
indirectly  ?    And  what  known  agent  but  the  purely  electric  is 

The  rod  has  a  brass  ball  at  each  extremity.  This  receiver  is  to  be 
plajced  on  the  plate  of  an  air  pump,  from  the  centre  of  which  rises 
a  stout  brass  wire  stem,  surmounted  with  a  ball.  The  ball  6,  is  to 
be  adjusted  at  about  five  inches  distant  from  the  ball  c,  and  the  air 
in  the  receiver  to  be  attenuated  by  the  action  of  the  pump.  If  now 
the  ball  B  be  brought  close  to  the  prime  conductor,  whilst  the  ma- 
chine is  in  good  action,  a  beautiful  luminous  electro-sphere  will  be 
seen  covering  the  lower  side  of  the  ball  h ;  but  no  lignt  on  c.  If  a 
moveable  pump  plate  be  employed,  and  the  whole  removed  from 
the  pump,  the  mstrument  may  be  neld  in  the  hand  by  the  brass 
cap  on  the  top,  and  the  plate  brought  close  to  the  prime  conductor. 
The  lower  ball  c,  will  then  have  its  upper  surface  adorned  with 
the  luminous  electro-sphere ;  and  no  liffht  will  be  seen  on  h.  This 
experiment  was  first  described  by  Father  Beccaria,  in  his  Treatise 
of  Electricity,  published  at  Turin  in  1753. 

I  have  frequently  repeated  this  beautiful  experiment,  and  have 
found  that  the  luminous  electro-sphere  can  be  exhibited  without  the 
aid  of  an  air  pump  ;  even  in  the  open  air.  Considering,  as  others 
have  done,  that  the  pressure  of  the  air  is  one  of  the  principal  causes 
of  the  electric  matter  being  kept  either  within,  or  close  to,  the  sur- 
face of  charged  conductors,  it  appeared  likely  that  a  partial  re- 
moval of  that  pressure  was  the  reason  of  the  appearance  of  that 
matter  in  Beccaria's  experiment;  and  if  so.  why  not  its  appearance 
in  the  open  air  with  a  stronger  electric  cnarge  in  the  conductor  ? 
To  ascertain  how  far  this  reasoning  would  be  sanctioned  by  experi- 
ment, I  put  my  ten  inch  cylindrical  machine  in  excellent  order,  and 
made  the  room  completely  dark. 

The  machine  was  kept  in  vigorous  action  by  my  assistant,  but  it 
was  not  till  after  some  considerable  time  had  elapsed,  that  I  saw 
the  electro-sphere  on  the  ball  of  the  prime  conductor.  This  occur- 
red after  a  great  number  of  fine  sparks  had  been  taken  from  the 
ball ;  a  process  which  I  have  since  found  conduces  to  the  exhibition 
^of  the  phenomenon ;  though  by  no  means  essential  to  its  appearance. 

Fig.  88,  will  serve  to  represent  the  remote  extremity  of  the  prime 
conductor,  and  its  ball,  with  the  luminous  electro-sphere.  When  the 
machine  is  in  good  action,  I  never  fail  to  see  this  light  on  the  ball 
after  an  exhibition  of  the  aurora  borealis  experiment,  when  the 
receiver  is  removed  from  the  ball  of  the  conductor.  And,  on  some 
occasions,  when  no  ball  has  been  attached,  I  have  observed  a  similar 
light  partly  enveloping  the  most  remote  convex  surface  of  the  prime 
conductor ;  though  more  frequently,  this  light  caps  a  few  promi- 
nences only,  which  stand  amongst  the  indentations  occasioned  by 
accidental  blows  which  that  extremity  ofthe  conductor  has  received. 
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endowed  with  the  activity  and  energies  of  lightning?    Or 

capable  of  producing  those  tremendous  effects  universally 

acknowledged  to  be  attributable  to  this  power  alone?    I  am 

well  aware  that  some  philosophers  are  more  prone  to  doubt 

than  admit  any  theoretical  point  which  they  themselves  have 

had  no  share  in  establishing:  and  the  philosophical  reputation 

of  some  men  rests,  principally^,  on  a  steril  system  oidovhting, 

tirhich  they  gravely  and  i  "      ' " 

sceptic  are  sometimes  lee 

theoretical  explanations, 

would  not  allow  them  dir 

who  has  contemplated  th 

cause  of  thunder  to  a  sud( 

acknowledgment  of  this  ui 

evidence,  of  the  existence 

placed  the  atmospheric  ai 

be  inclined  to  concede  to 

which  the  sound  original 

that  the  vacuum  was  not  1 

of  space;  but  that  it  was  e 

without  interruption  at 

server :  implying  thereby 

was  in  very  rapid  motion. 

lightning  traversing  a  Ioe 

24.  The  mechanical  i 

are  so  exceedingly  numerous  and  obviously  demonstrative  of 
the  materiality  of  their  origin,  that,  independently  of  any 
other,  they  alone  afford  abundant  evidence  of  the  fact.  If  a 
hard  steel  bar  be  placed  vertically,  or  even  horizontally,  with 
its  axis  in  the  magnetic  meridian,  it  becomes  magnetic  by  sub- 
mitting it  to  a  violent  electric  discharge :  but  if  the  force  of  the 
electric  discharge  be  so  far  abated,  by  transferring  it  through 
inferior  conductors,  as  not  to  produce  a  sufficient  degree  of 
agitation  of  the  steel,  no  such  magnetic  eifect  takes  place. 
These  effects  are  precisely  those  which  would  be  produced  by 
the  blows  of  a  hammer,  or  by  any  other  mechanical  power. 
Smart  blows,  suf&cient  to  agitate  the  steel,  gives  an  oppor- 
tunity for  the  earth's  magnetism  to  polarize  the  bar;  bat 
when  the  blows  are  feeble,  no  such  magnetization  is  produced 

25.  If  a  discharge  be  directed  through  a  piece  of  wood,  the 
latter  will  be  cleft,  or  split  into  shivers.  A  piece  of  soft  clay 
becomes  disturbed,  and  hollow  in  the  middle,  or  shattered  to 
pieces,  by  a  similar  process.  If  the  point  of  a  bent  wire  be 
placed  against  the  inner  surface  of  a  glass  phial  filled  with  oil, 
and  sparks  be  taken  at  the  other  end  of  the  wire,  the  glass 
soon  becomes  perforated ;  and  many  perforations  may  be  made 
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in  a  short  time  by  moving  the  point  to  different  parts  of  the 
glass,  and  holding  the  finger  opposite  to  it  on  the  outside. .  In 
all  these  instances,  and  in  many  more  that  might  be  adduced, 
we  have  direct  evidence  of  the  operations  of  peculiarly  active 
matter;  whose  powers  are  still  further  manifested  by  its 
grinding  to  an  impalpable  powder  the  side  of  a  jar,  or  other 
piece  of  glass,  through  which  it  has  forced  its  way. 

26.  Besides  the  tangible,  ocular,  and  auditory  manifesta- 
tions of  the  operations  of  an  active  subtile  species  of  matter 
which  appears  essentially  existent  in  the  display  of  electrical 
phenomena:;  the  olfactory  and  palatic  organs  also,  bear  testi- 
mony of  its  peculiar  impressions.  Every  electrician  is  perfectly 
familiar  with  the  remarkable  odour  developed  by  a  machine 
in  good  action;  and  the  peculiar  tartness  produced  in  the 
mouth  by  the  application  of  two  morsels  of  connected  metal  to 
the  tongue,  or  the  polar  wires  of  a  voltaic  battery  to  the  oppo- 
site sides  of  the  face,  is  also  weU  known  to  most  persons 
accustomed  to  the  use  of  these  apparatus. 

27.  TTie  former  effect  is  producible  in  a  variety  of  ways, 
b  v  some  of  which  it  may  be  retained  for  a  considerable  time 
aner  the  machine  has  ceased  to  be  in  motion.  Hie  room  in 
which  a  machine  has  been  working  for  some  time,  will  evince 
electrical  excitement,  to  any  one  habituated  to  the  specific 
odour,  for  even  an  hour  or  more  after  the  process  has  ended, 
^nd  the  aurora  borealis  experiment  never  fails  to  leave  a  strong 
electric  odour  in  the  receiver  for  a  long  time  after  it  is  taken 
from  the  pump  plate.  TTiis  latter  fact  is  the  more  remark- 
able and  important  because  of  the  odour  being  produced  in 
the  vessel  when  nearly  exhausted  of  atmospheric  air ;  and 
appears  to  militate  against  the  idea  of  its  production  from 
secondary  causes;  especially  from  those  chemical  changes 
which  might  have  been  supposed  to  have  taken  place  in  the 
atmospheric  air ;  unless  it  can  be  proved  that  such  changes 
are  more  easily  accomplished  when  that  air  is  much  attenuated 
from  the  natural  standard  of  density  at  the  earth's  surface. 
But  even  admitting  that  the  smell  and  taste  so  eminently  dis- 
tinguishable by  electric  action,  are  secondary  effects,  their 
testimony  of  the  entity  of  a  primitive  electric  agent  would  be 
no  less  manifest;  because  the  chemical  changes  themselves 
would  be  referrible  to  that  agent ;  since  neither  the  elements 
of  the  air  nor  of  the  saliva  evinced  the  least  tendency  to  such 
change  either  prior  or  subsequent  to  the  electric  process. 
Hence  we  discover  that  every  organ  of  sense  is  more  or  less, 
directly  or  indirectly,  susceptible  of  impressions  from  electri- 
cal phenomena,  which  transmit  to  the  mind  those  special  kinds 
of  intelligence  for  which  they  are  respectively  and  appropri- 
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ately  adapted :  and  it  is  by  the  intelligence  which  these  im- 
pressions communicate,  and  by  these  alone,  that  our  ideas  are 
to  be  formed,  our  reasoning  regulated,  and  our  decisions  ulti- 
mately arrived  at  respecting  the  entity  or  non-entity  of  an 
electric  agent.  Moreover,  from  the  impressive  evidence  de- 
rivable from  this  source  of  intelligence,  of  the  existence  of  an 
electric  agent,  and  the  total  absence  of  facts,  or  even  strict 
analogies  from  which  inferences  could  be  drawn  to  the  con- 
trary, we  are  constrained  to  acknowledge  the  entity  of  this 
agent,  and  to  abandon  the  idea  of  accommodating  electric 
phenomena  to  the  indiscriminate,  and  hitherto  undescribed 
motions  of  those  bodies  on  which  they  are  usually  exhibited. 
28.  To  enumerate  all  the  facts  which  manifest  the  exist- 
ence of  a  peculiar  matter  from  which  electrical  phenomena 
emanate,  would  be  an  unnecessary  labour  for  the  present 
purpose.  They  would  require  a  volume  for  their  description, 
and  much  time  for  their  arrangement  and  explanation.  1  have 
brought  forward  those  only  which  appear  most  conspicuous  to 
common  observation,  and  perhaps,  best  known  to  the  greater 
part  of  those  persons  in  whose  hands  this  memoir  is  likely  to 
be  placed;  and,  at  the  same  time,  sufficiently  obvious  to  be 
understood,  even  by  those  with  only  a  moderate  degree  of 
electrical  knowledge.  Moreover,  as  I  am  perfectly  familiar 
with  every  fact  that  I  have  adduced,  and  contemplated  them 
with  much  care,  I  labour  under  no  apprehensions  of  being  sus- 
pected of  entire  ignorance  of  my  subject ;  and  have  no  hesita- 
tion whatever,  in  submitting  this  investigation  to  the  candid 
scrutiny  of  the  ablest  electrician.  In  every  part  of  it  there 
has  appeared  to  me,  full  and  uneauivocal  evidence  of  the  ex- 
istence of  an  electric  matter ;  ana  which  I  have  been  led  to 
believe  is  perfectly  distinct  from  all  others,  even  ihemagnelk 
and  calorific  not  excepted. 
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SECTION   II. 
Read  February  3,  1838. 

"  Historical  Evidence  in  favour  of  the  inferences  drawn 
in  the  preceding  section. — Electric  fluid, — Du  Fay^s 
opinion  of  two  electric  fluids. —  Watson  and  Frank- 
lin* s  idea  of  one  electric  fluids  sui  generis. —  The  author*  s 
theoretical  vieivs . —  Electrical  attraction.  — Electrical 
repulsion^  and  its  analogies  in  physical  science. — Electro- 
polarization  by  locality. —  Various  explanations  of  this 
phenomenon. — Lord  Stanhope's  electroscopic  experiments 
examined. 

29.  The  first  part  of  this  memoir  has  already  been  read 
before  the  Electrical  Society,  and  is  solely  devoted .  to  an  en- 
quiry into  one  of  the  fundamental  elements  of  the  theory  of 
electricity :  for,  being  the  commencement  of  a  series  of  me- 
moirs which  I  have  undertaken  to  bring  forward,  for  the 
purpose  of  conveying  a  comprehensive  view  of  the  various 
classes  of  electrical  phenomena,  and  of  the  laws  which  appear 
to  give  them  existence,  it  was  deemed  necessary,  in  the  first 
place,  to  become  perfectly  satisfied  respecting  one  grand  theo- 
retical particular ;  on  which  much  subordinate  matter  seems 
mainly  to  Test ;  but  concerning  which,  a  very  great  difference 
of  opinion  has  latterly  been  entertained  by  philosophers  of  the 
first  degree  of  eminence  in  this  branch  of  physics. 

30.  The  grand  controversial  point,  or  theoretical  question, 
will  be  the  most  intelligibly  enunciated  in  the  following  man- 
ner.— Are  electrical  phenomena  traceable  to  the  operations  of 
a  material  elementary  agent,  peculiiar  in  its  character,  and 
distinct  from  every  other  species  of  matter?  Or,  can  those 
phenomena  be  more  easily  accounted  for  independently  of  Uie 
operation  of  such  an  agent? 

31.  It  is  somewhat  singular  that,  notwithstanding  all  the 
evidence  of  the  best  electricians  that  the  world  ever  produced 
in  favour  of  the  entity  of  an  electric  matter,  an  opposite  opinion 
should  now  be  started  without  the  slightest  foundation  for  its 
support,  or  even  one  single  fact  in. its  favour.  For  my  own 
part,  I  have  so  long  been  convinced  of  its  existence,  and 
founded  my  reasonings  so  completely  on  its  operations,  that 
nothing  but  a  profound  respect  for  the  candour  and  intelli- 
gence of  some  of  those  who  have  speculated  on  the  novel  hy- 
pothesis, and  expressed  their  proneness  to  dispense  with  the 
electric  matter ;  and  a  particular  desire  to  place  before  this 
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infant  society  the  principal  facts  which  bear  on  this  pomt,  in  a 
compact  ana  undisguised  form,  that  I  could  have  been  induced 
to  devote  the  time  necessary  for  their  reinvestigation,  arrange- 
ment, and  explanation,  to  this  topic.  Under  these  considera- 
tions, however,  I  have  undertaken  the  re-perusal  of  many 
authors,  and  have  read  some  others  to  which  I  had,  before,  not 
paid  sufficient  attention  to  form  an  opinion  of  their  sentiments, 
and  the  value  of  their  personal  labours  in  this  department  of 
science.  And  I  have  also  been  induced  to  repeat  several  old 
experiments,  and  institute  some  new  ones  in  order  to  satisfy 
myself  in  certain  particulars,  and  make  myself  perfectly  ac- 
quainted with  every  fact  on  which  my  reasonings  have  been 
founded.  The  first  section  of  this  memoir  is  principally  devoted 
to  these  investigations:  and  the  conclusions  I  have  there 
arrived  at,  are  the  natural  inferences  derivable  from  the 
various  circumstances  connected  with  the  phenomena  already 
explained.  I  have  also  extended  my  enquiries  to  other  elec- 
trical phenomena,  both  mechanical,  physiological,  magnetic, 
thermometric,  and  chemical:  and,  from  a  rigid  examination  of 
them,  and  a  comparison  of  the  various  ways  by  which  some  of 
them  have  been  attempted  to  be  explained,  I  can  discover  no 
hypothesis  so  free  from  ambiguity;  none  so  truly  specific ;  none 
so  simple,  distinct,  and  comprehensive :  in  short,  none  so  ap- 
parently rational  and  conclusive  as  that  which  admits  of  the 
agency  of  a  purely  electric  matter. 

32.  The  electric  matter  was  recognised  in  a  very  early 
period  of  the  progress  of  the  science  by  some  of  the  mo^ 
active  and  discerning  philosophers  of  that  day.  Benjamin 
Wilson,  than  whom  no  one  was  more  conversant  with  all  the 
then  known  phenomena  of  electricity,  did  not  hesitate  to  attri- 
bute their  exhibition  to  the  operations  of  an  electric  matter; 
which  he  was  disposed  to  assimilate  to  the  ether  of  Sir  Isaac 
Newton ;  although  he  gives  it  the  peculiar  appellation  electric 
matter,*  Stephen  Grey,  who  made  many  capital  discoveries 
in  electricity,  calls  this  matter  the  *'  electric  fire,"t  which  is  an 
appellation  given  to  it  by  Father  Beccaria  ;X  &nd  was  also  em- 
ployed by  Dr.  Watson,  who  says,  **  that  the  electrical  fire  is 
truly  flame,  and  that  extremely  8ubtile."§  Many  other  philo- 

♦   Wilson's  Treatise  on  .Electricity,1750. 
+  Phil.  Trans,  original  No.  436,  p.  16;  or  Button's  Abridgement, 
Vol.  VIII.,  p.  5. 

X  Beccaria's  Treatise  upon  Artificial  Electricity,  Translation  1776. 

§  Phil.  Trans.  Original  No.  471,  p.  481.  Button's  Abridgement, 
Vol.  IX.  p.  158. 
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sophers  of  considerable  eminence  have  given  to  the  electric 
agent  the  name  of  electric  fire :  a  term  frequently  used  even  at 
the  present  day ;  although  '*  electric  fluid"  has,  in  a  great 
measure  superseded  it.  Viscount  M  ahon,  afterwards  Lord 
Stanhope, calledit  the  "electric  fluid;"*  and  Priestley  also  uses 
the  same  term  for  the  electric  agent.t  Euler  appears  not  so 
partial  to  an  "  electric  fluid ;"  although  he  frequently  employs 
the  terms  positive  and  negative  electricity ;  and  undertakes 
to  explain  the  whole  phenomena  by  the  operations  of  an 
highly  elastic  ether ;  with  which  the  pores  of  all  bodies  are 
continually  charged.  This  ether  being  susceptible  of  com- 
pression and  dilatation  would  assume  different  degrees  of 
density  accordingly  as  the  pores  of  bodies  were  closed  or 
expanded;  which  was  the  cause  of  those  bodies  becoming 
positively  or  negatively  electrical  respectively.  Euler  admits 
of  the  transmission  of  this  ether  from  one  body  to  another, 
and  explains  the  spc^k,  shock,  lightning,  and  thunder  in  pre- 
cisely the  same  manner  as  other  philosophers  have  done  with 
an  "  electric  fluid,"  differing  from  them  only  in  the  name  of 
the  electric  agent.}  Cavallo  was  exceedingly  cautious  in 
adopting  any  hypothesis  for  the  explanation  of  electrical  phe- 
nomena ;  yet  with  all  his  diffidence,  he  very  frankly  confesses 
that  the  suj^sition  of  a  purely  electric  fluid  is  certainly  the 
most  probabIe.§  And  in  another  place  when  speaking  of  the 
residence  of  this  agent,  Cavallo  says,  "That  the  electric  fluid, 
proper  to  a  body  when  in  its  natural  state,  is  equally  diffused 
throughout  all  its  substance,  /  think  no  one  will  deny  /"  || 
which  expresses  this  philosopher's  conviction  not  only  of  the 
existence  of  sea  electric  matter,  but  also  of  the  mode  of  its 
distribution.  The  experiments  of  Du  Fay  led  that  philosopher 
to  the  belief  of  the  existence  of  ttvo  elecUdo  fluids ;  indepen- 
dently of  which  he  could  not  account  for  the  phenomena  which 
they  presented  to  his  notice.  The  hypothesis  of  Du  Fay  haa 
been  very  much  esteemed  by  the  continental  philosophers, 
and  by  some  of  them>  is  still  held  in  considerable  repute. 

33;     In  an  early^  part  of  the  year  1747,  Dr.  Watson  made 
known  his  ideas  0f  the  <>peration  of  one  electric  fluid  sui  ge^ 

♦  Principles  of  Electricity,  by  Charles  Viscount  Mahon,  1779. 

+  Priestley's  History  of  Electricity. 

X  Euler's  Letters  on  different  sabjects  in  Natural  Philosophy, 
addressed  to  a  German  Princess.    Brewster's  Translation,  Vol.  IL 

§  Cavallo's  complete  Treatise  on  !E&ectricity,  Second  Edition, 
p.  p.  105, 114. 
II  Ibid.  p.  126. 
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neris  ;*  and  about  the  same  time  in  America,  Dr.  Franklin 
was  digesting  his  well  known  theory^  which  also  rests  upon  the 
supposition  of  one  electric  fluid.t 

34.  The  theory  of  Franklin^  as  far  as  it  extends,  appears 
to  require  but  very  little  modification  to  become  applicable  to 
every  fact  that  has  been  developed  in  this  branch  of  physics 
prior  to  the  discovery  of  electro-magnetism  :  and,  perhaps^  it 
is  in  this  department  of  electricity  alone,  where  the  Frank- 
linean  doctrme  will  be  found  materially  deficient.  And  even 
here,  notwithstanding  its  inadequacy  to  account  for  this  class 
of  phenomena,  it  does  not  appear  to  be  materially  defective  in 
itself,  or  physically  incorrect :  for  the  principles  of  that  doc- 
trine are  as  decidedly  and  as  conspicuously  in  operation  in 
this  department  of  electricity  as  in  any  other ;  and  by  annex- 
ing the  principles  of  electro-magnetism  and  magnetic  electri- 
city to  those  which  Franklin  had  embraced  in  his  theory,  it 
is  probable  that  we  should  be  in  possession  of  a  code  of  laws, 
to  the  operation  of  which,  every  known  electrical  phenomenon 
may  be  traced. 

35.  The  same  mathematical  formulae  are  as  easily  deducible 
from  the  vitreous  and  resinous  forces  of  Du  Fay  as  from  the 
positive  and  negative  forces  of  Franklin ;  and,  consequently, 
as  applicable  to  the  doctrine  of  two  electric  fluids  as  to  that 
of  one  electric  fluid.  But  it  cannot  be  said  that  because 
mathematical  processes  are  rigidly  correct,  that  such  circum- 
stance confers  on  them  the  attribute  of  infallibility  in  testing 
the  correctness  or  incorrectness  of  our  notions  respecting  the 
physical  agency  which  actuates  in  the  production  of  natural 
scientific  events.  In  the  instance  before  us  we  have  a  pretty 
fair  specimen  of  the  flexibility  of  mathematics,  which  are 
obviously  as  applicable  to  false  as  to  true  data :  for  it  would 
be  an  absurdity  to  suppose  that  both  these  theories  are  phy- 
sically correct.  The  feult,  however,  is  not  in  the  mathematics, 
but  in  the  data  on  which  the  reasoning  is  founded.  The  data 
once  given,  a  moderate  degree  of  skill  would  enable  the  ma- 
thematician to  proceed  in  his  investigation  and  arrive  at  results 
perfectly  agreeable  to  the  data.  But  should  the  latter  be 
incorrect,  the  exactness  of  the  investigation  could  have  no 
tendency  whatever  to  establish  a  true  theory ;  for  the  founda- 
tion resting  on  no  physical  truth,  the  superstructure  itself,  in 
whatever  manner  it  might  be  adorned  with  mathematical 
symbols,  would  be  too  frail   to  withstand  those  stem  facts 

♦  Priestley's  History  of  Electricity,  p.  389. 
+  Ibid. 
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which  the  inflexible  laws  of  nature  develop  to  rigorous  experi- 
mental research. 

36.  Mathematical  investigations,  however,  when  directed 
to  physical  operations,  and  based  on  incontrovertible  facts, 
give  a  sterling  value  to  science,  and  establijsh  imperishable 
sources  of  conduciveness  to  the  various  wants  of  civilized  life. 

37.  Mechanics,  hydrostatics,  and  pneumatics,  are  amongst 
those  experimental  sciences  whose  phenomena  are  calculable 
with  mathematical  precision ;  and  which,  in  consequence,  have 
long  become  practically  and  extensively  useful.  The  pheno- 
mena of  those  sciences  requiring  no  dexterous  hand  for  their 
exhibition,  nor  presenting  any  equivocation  or  capriciousness 
in  their  display,  were  eas3y  reconciled  to  that  degree  of  cer- 
tainty and  exactness  which  alone  render  experimental  results 
susceptible  of  utile  mathematical  rule. 

38.  In  electricity,  however,  the  phenomena  are  of  a  very 
different  character,  presenting  difficulties  not  to  be  met  with 
in  any  other  branch  of  physical  research.  The  number  of 
electrical  phenomena  is  so  exceedingly  great  as  to  surpass  the 
collective  sum  of  all  others  that  science  has  revealed  to  man. 
They  are  exhibited  under  such  a  variety  of  circumstances  both 
on  masses  and  on  the  most  minute  portions  of  matter,  are 
brought  into  play  by  such  a  diversity  of  both  natural  and  arti- 
ficial means,  and  viewed  by  experimentalists  under  such  a 
dissimilarity  of  aspects,  that  it  is  scarcely  to  be  wondered  at 
that  the  multitude  of  facts  which  have  been  developed  in  this 
branch  of  physics,  remain  to  this  day  little  better  than  a  stu- 
pendous heap  of  inorganized  materials ;  intrinsically  rich,  but 
whose  real  value  can  never  be  justly  appreciated  until  they 
have  obtained  a  natural  and  obvious  classification ;  and  are 
reduced  to  some  certain  inflexible  laws,  by  which  they  may 
assume  not  the  habiliments  only,  but  the  real  character  of 
genuine  systematic  science. 

39.  From  this  view  of  the  present  condition  of  electricity, 
it  is  obvious  that  much  still  remains  to  be  done  before  this 
branch  of  physics  becomes  sufficiently  matured  so  as  to  be 
established  within  the  precincts  of  exact  science ;  and,  perhaps, 
it  is  only  from  the  repeated  efforts  of  close  and  exact  observers, 
who  are  well  accustomed  to  the  practical  part  of  electricity, 
that  much  progress  is  to  be  expected  in  systemizing  the  phe- 
nomena to  uniform  scientific  order;  and  perhaps,  also,  to  at- 
tempt anything  further  than  a  mere  step  in  the  advancement 
of  electricity,  would  be  more  than  could  reasonably  be  expected 
to  be  accomplished,  by^ny  individual  in  the  prfesent  disorderly 
condition  of  the  materials  which  are  placed  before  him ;  all 
of  which  demand  attention,  and  require  the  strict  scrutiny  of 
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the  most  acute  and  profound  electrician.  I  do  not,  therefore, 
in  this  investigation,  entertain  too  sanguine  a  hope  of  arriving 
at  satisfectory  conclusions  on  every  point  which  I  may  have 
to  discuss ;  though  I  hope  to  be  enabled  to  succeed  in  ex- 
plaining some  particulars  which  still  remain  subjects  of  con- 
troversy and  dispute.  Moreover,  as  in  this  series  of  memoirs  I 
shall  have  to  notice  some  tributary  investigations  in  which 
interesting  facts  have  been  elicited,  whose  explanation  seems 
to  rest  on  those  very  points  about  which  philosophers  are  stiil 
at  issue,  it  becomes  essential  that  I  make  known,  as  early  as 
|>08SibIe,  those  principles  upon  which  my  theoretical  reason- 
ings are  intended  mainly  to  rest. 

40.  The  theoretical  views  which  I  entertain  of  common 
electricity  are,  perhaps,  not  very  different  to  those  embraced 
in  the  Franklinean  doctrine.  I  attribute  electric  phenomena 
to  the  agency  of  a  peculiar  species  of  matter,  or  electric  fluid, 
whose  particles  mutually  repel  each  other,  but  which  are 
attractive  of  all  other  kinds  oi  matter.  By  virtue  of  the  innate 
repulsiveness  of  its  particles,  the  electric  fluid  becomes  highly 
elastic  ;  and  is  compressible  and  dilatable  by  the  application, 
or  removal,  of  external  forces.  The  dilatable  propensity  of  the 
electric  fluid  gives  it  a  tendency  to  spring  outw€trds  with  an 
equable  force  in  every  direction  as  from  a  centre;  which  force 
is  proportional  to  the  force  of  compression,  or  to  the  density  of 
the  fluid.  The  electric  fluid  is  transferable  from  one  body  to 
another ;  and,  like  all  gaseous  fluids,  flows  with  the  greatest 
facility  in  the  line  of  least  resistance. 

41.  The  atmosphere,  as  far  as  it  has  been  explored,  is  con- 
tinually charged  with  electric  fluid ;  and  in  a  greater  degree 
as  we  ascend  from  the  earth's  surface  (13  and  note).  From 
this  condition  of  the  atmosphere  it  is  obvious  that  all  bodies 
on  the  earth's  surface  are  subjected  to  an  electric  pressure,  as 
decidedly  as  a  solid  ball  of  matter  would  be  subjected  to  an 
elastic  pressure  if  suspended  in  an  atmosphere  of  gas.  By 
this  electric  pressure  the  fluid  forces  itself  into  theporesx)f  afi 
bodies  in  proportion  as  they  offer  facilities  for  its  admission: 
and  as  dinerent  bodies  offer  different  degrees  of  fiicility,  they 
necessarily  become  charged  with  it  to  dtfierent  degrees  of  ex- 
tent. The  attractive  quality  also  difierisg'  amongst  those 
bodies  will  also  be  anotner  means  of  their  being  differently 
electrized  under  the  ordinary  pressure. 

42.  Moreover,  as  bodies  generally,  in  their  natural  condi- 
tion, are  compounds  and  not  elementary,  it  follows  that  the 
piu*ticles  of  those  bodies  which  are  of  a  different  elementary 
character  are  naturally  in  a  different  electric  condition. 
Hence^  heterogeneous  bodies,  however  compact  they  may 
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appear  to  common  observation,  are  not  uniformly  electrized; 
every  particle  of  one  of  the  constituents  being  in  a  different 
electric  state  to  every  other  constituent  element  in  the 
compound. 

43.  The  natural  electrization  of  bodies  is  still  further  diver- 
sified by  their  mechanical  structure  and  external  polish;  for  a 
difference  in  the  compactness  of  one  and  the  same  kind  of 
matter  confers  on  it  a  difference  of  capacity  for  the  reception 
of  the  electric  fluid.  And  again,  the  same  kind  of  metal^ 
though  of  the  same  compactness  throughout,  will  have  a  differ^ 
ent  electric  capacity  by  being  of  different  degrees  of  polish  on 
different  parts  of  its  surface.*  Hence,  by  having  its  opposite 
surfaces  of  different  degrees  of  polish,  those  surfaces  will  be  of 
different  capacities  for  the  reception  of  the  electric  fluid;  and 
will,  under  the  common  pressure,  be  positive  and  negative  with 
regard  to  each  other  (13).t  Hence,  it  becomes  obvious  that 
unless  a  body  be  perfectly  homogeneous  in  itself,  and  of  equal 
polish  on  every  part  of  its  surface,  it  is  physically  impossible 
that  it  can  be  equably  electrized  throughout;  or  even  of  uni^ 
form  electric  tension  on  every  part  of  its  surface. 

44.  The  electric  conditions  of  bodies  in  all  the  cases  above 
mentioned  (41,  42,  43,),  are  those  which  they  would  assume 
under  the  ordinary  natural  electric  pressure,  when  equably 
distributed  on  every  side  alike;  or  whilst  they  are  perfectly 
surrounded  by  the  atmospheric  air,  and  sufficiently  distant 
from  other  bodies  not  to  be  influenced  by  the  fluid  they  con- 
tain:  for  when  one  body  is  in  contact  with  another  body^ 
since  their  natural  electrical  conditions  depend  upon  a  cir- 
cumambiency  of  equable  pressure :  that  equable  exposure  being 
destroyed  by  the  plane  of  contact,  the  bodies  change  their 
electrical  character,  and  a  new  equilibrium  is  formed,  different 
to  that  which  either  of  them  assumed  separately.:!:  Hence  it 
follows  that,  as  the  materials  composing  the  earth  lean 
against,  or  rest  upon,  one  another,  the  individual  masses  ar^ 

♦  See  my  Experimental  Researches,  Part  1,'p.  64, 1830. 

+  Ibid,  p.  72;  and  Annals  of  Electricity,  Magnetism,  and 
Chemistry,  &c.  Vol.  I.  p.  11. 

X  There  is  no  experiment  more  decisive  on  this  point  than  that 
first  shown  by  Volta  with  the  copper  and  zinc  discs.  JBefore  the  discs 
have  been  brought  into  contact  with  each  other,  each  metal  has  its 
share  of  electric  fluid  due  to  an  equable  circumambient  electric 
pressure ;  but  when  their  faces  are  in  contact,  the  natural  pressure 
IS  removed  from  the  joining  surfaces,  and  a  portion  of  fluid  flows 
from  the  copper  to  the  zinc,  or  in  the  line  of  least  resistance  (40) ; 
both  metals  assuming  thereby  new  electrical  conditicHis. 
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seldom^  if  ever,  exposed  to  an  equal  circumambient  electric 
pressure,  and  consequently  are  in  electric  conditions  accord- 
mgly  to  their  natural  dispositions  (41,42,43,)  conjointly  with 
their  connexions  with  one  another. 

45.  From  these  considerations  we  are  led  to  understand 
that  all  compound  particles  are  electro-polar,  or  have  their 
opposite  sides  in  different  electrical  conditions  (42).  And 
this  will  be  the  case,  whether  the  compound  be  solid,  liquid, 
or  gaseous.  We  learn  also,  that  bodies  even  of  the  same  kind, 
(instance  pieces  of  metal)  become  electro-polar  from  a  variety 
of  causes  (13,  43,  44).  Bodies  also  become  electro-polar  by 
an  unequable  pressure  on  their  opposite  surfaces,  though  not 
in  contact  with  other  bodies.  Tms  kind  of  electro-polarity 
arises  from  a  local  disturbance  of  the  natural  equilibrium  by  a 
vicinal  superior,  or  inferior  electric  force,  located  on  one  side 
only,  or  by  the  influence  of  both  forces  on  opposite  sides  at 
the  same  time.     (40.  52,  54). 

46.  As  bodies,  when  in  contact  with  each  other,  assume 
an  electric  equilibrium  as  decidedly  as  if  perfectly  insulated, 
(44)  it  follows,  that  the  bodies  composing  the  earth's  surfece 
and  the  circumambient  atmosphere,  would  constantly  observe 
an  unvarying  electric  equilibrium,  were  no  physical  changes 
to  take  place  amongst  them.  But  as  the  whole  are  continu- 
ally undergoing  a  change  of  temperature,  corresponding  elec- 
trical changes  are  as  constantly  going  on ;  not  only  from  the 
direct  thermometric  variations,  but.  i?idirectly,  from  a  variety 
of  secondary  events,  or  physical  vicissitudes  in  the  liquid  and 
aerial  matter;  by  means  of  which  the  electric  fluid  is  scarcely 
ever  at  rest,  being  transported  from  one  body  to  another,  as 
their  capacities  for  its  reception  alter,  and  giving  rise  to  other 
phenomena,  and  various  modifications  of  matter,  unproducible 
by  any  other  natural  agent. 

47.  Notwithstanding  the  various  degrees  of  susceptibility 
which  bodies  present  for  the  reception  of  the  electric  fluid,  its 
natural  elasticity,  or  innate  repulsiveness,  appears  to  be  es- 
sential to  its  intromission ;  unless  the  mutual  attractions  be- 
tween it  and  other  matter  be  regarded  as  the  only  necessary 
qualification  for  its  universal  presence  throughout  nature,  and 
its  surprising  volant  motions  through  the  air,  and  active 
transiliencies  among  the  generality  of  terrestrial  bodies. 

48.  Electrical  attraction  is  an  attribute  well  known  from 
the  earliest  period  of  the  science,  and  has  maintained  its  po- 
sition in  almost  every  hypothesis  hitherto  framed :  and  appears 
to  be  sufficiently  obvious  and  self  evident  in  the  display  of 
some  electrical  phenomena,  as  to  be  understood  by  every  ob- 
server.    The  opposite  force,  however,  has  had  to  encounter 
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many  theoretical  difficulties,  which  some  philosophers  have 
shown  a  proneness  to  place  in  its  way;  and  is  far  from  being 
generally  acknowledged,  as  an  existing  principle,  at  the  pre- 
sent time.  Indeed,  electric  repulsion  is  totally  discarded  by 
some  writers,  although  this  force  seems  more  essentially  con- 
cerned in  the  production  of  the  generality  of  electrical  pheno- 
mena, than  even  attraction  itself.  And  as  some  of  those  phe- 
nomena appear,  perfectly  inexplicable  by  the  attribute  of  at- 
traction alone,  I  have  not  hesitated  to  introduce  repulsion, 
as  a  fundainental  principle,  into  the  groundwork  of  the  theory 
I  have  advanced,  consiaering  it  as  a  natural  attribute  of  the 
electric  fluid  (40).  And  I  hope  to  be  enabled  to  show,  hot 
only  its  efficacy  in  the  production  of  phenomena,  but  its  abso* 
lute  indispensableness  m  the  explanation  of  some  of  them. 

49.  The  repulsion  attributable  to  electricity  has  many 
analogies  in  physical  science.  No  philosopher  has  yet  dis- 
puted the  existence  of  magnetic  repulsion,  not  even  those  Who 
have  denied  the  existence  of  a  similar  force  in  electricity ; 
although,  in  many  instances,  the  experimentar  evidence  is  as 
favourable  in  the  latter  as  in  the  former  class  of  phenomena. 

50..  Elasticity  is  a  fundamental  principle  in  the  study  of 
Pneumatics,  universally  acknowledged  without  even  a  dissen- 
tient opinion.  But  to  what  attribute  of  its  particles  is  the 
elasticity  of  the  air  traceable?  Why  does  the  remaining  air, 
in  a  receiver,  attenuate  itself,  and  fill  the  whole  capacity  after 
a  portion  has  been  withdrawn  by  the  action  of  the  pump? 
And  why  this  attenuation  and  expansion  of  even  the  last 
remaining  portion  of  air,  after  the  most  perfect  exhaustion 
that  the  pump  is  capable  of  making?  These  are  important 
questions  to  which  the  term  *'  elasticity"  gives  no  satisfactory 
answer.  "Elasticity  is  expressive  of  no  cause,  signifying  only 
the  capabilities  and  susceptibilities  of  the  body  to  which,  as  a 
convenient  term,  it  is  applied.  Elasticity  depends  upon  an 
innate  repulsive  power,  which  the  particles  of  air,  or  other 
gaseous  media,  naturally  possess,  and  which  is  indispensably 
essential  to  their  existence  as  elements  of  elastic  fluids.  Re- 
pulsion is,  therefore,  an  atomic  attribute,  and  the  most  remote 
physical  cause  to  which  the  expansive  force  of  air  can  be 
traced :  whilst  plasticity  expresses  both  the  tendency  to  ex- 
pansion, and  the  susceptibility  of  compression,  which  exten- 
sive  groups  of  the  repulsive  particles  exhibit. 

51.  Now  most  writers  on  electricity  have  defined  the 
electric  fluid  as  highly  elastic:  and  as  we  have  seen  that  an 
innate  repulsiveness  of  the  elementary  particles  is  obviously 
the  primary  physical  cause  of  all  fluid  elasticity;  this  natural 
attribute  is  as  applicable  to  the  electric  fluid  as  to  the  atmos-i 
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"fluids.  Hence>  as  far  as  elasticity  is  ccmcemed^  there  is  no 
more  impropriety  in  attributing  the  cause  to  an  inherent  atomic 
repulsion  in  the  one  case  than  in  the  other.  And^  although 
we  do  not  find  condensed  portions  of  atmos-fluids  repelling 
one  another  without  any  apparent  connexion,  in  the  manner 
Y^e  observe  repulsions  amongst  positively  electrized  bodies,  we 
have  ample  analogy  in  magnetism  (49) ;  and  perhaps  we  have 
no  reason  to  expect  those  analogies  to  hold  good  in  the  infi- 
nitely grosser,  and  comparatively  inactive  atmos-fluid  matter. 

52.  I  know  of  no  fact  in  which  electric  repulsion  is  more 
obviously  the  cause^  than  the  pokurization  of  bodies  by  locality 
(45),  although  there  be  an  abundance  of  them  wluch  bear 
ample  testimony  of  its  essential  influence.  If  a  positively  elec- 
trized body,  P,  fig.  89,  Plate  XII.^  be  brought  to  withia  a  short 
distance  of  an  insulated  body,  B,  it  is  well  known  that  the 
latter  will  become  electro-polar;  being  negative  at  the  extre- 
mity n,  but  positive  at  p\  and  neutral  at  about  the  central 
section,  C  B.  Now,  I  would  ask  any  philosopher  who  has 
contemjdated  this  beautifiil  and  highly  interesting  fact,  with 
that  degree  of  attention  which  it  so  eminently  deserves,  to 
what  power  he  would  ascribe  its  appearance  ?  Certainly  not 
to  any  attractions  that  could  possibly  be  devised.  :  The 
attraction  of  the  body  for  the  electric  fluid  at  n^  could  not  he 
lessened,  nor  that  at  p  augmented  by  the  approach  of  the 
body  P.  We  do  not  attribute  the  electrical  appearances  to 
any  change  that  has  taken  place  in  the  metal,  but  to  a  distur- 
bance of  the  electric  fluid  which  it  contains,  or  which  resides 
within  it>  or  about  it.  But  a  disturbance  implies  a  disturbing 
force ;  which  iosce  must  have  been  in,  or  about,  the  body  P; 
because  the  phenomenon  was  not  exhibited  prior  to  the  location 
of  that  body:  nor  does  it  continue  only  during  the  locality  of 
the  bodies  P  and  B.  Moreover,  the  mere  metal  of  the  body 
P,  did  not  constitute  the*  disturbing  force;  because  if  that 
body  had  been  in  its  natural  electric  condition,  the  polarity  of 
B  would  not  have  happened.  Hence  the  disturbing  force 
proceeded  firom  some  natural  attribute  of  the  electric  fluid  in, 
or  about,  the  body  P,  and  not  firom  any  property  of  the  metal 
itself. 

Now,  an  attraction  betwewi  the  fluid  in  P  and  the  metal  of 
B,  could  be  no  means  of  the  latter  becoming  electro-polar 
in  the  manner  shown  by  the  experiment :  nor  can  it  be  shown 
that  such  attraction  would  cause  any  disturbance  of  the  fluid 
in  B,  unless  there  were  an  absolute  introgression-of  fluid  to 
B;  a  circumstance  neither  known  nor  supposed  to  take  place: 
for  when  P  is  removed  to  a  sufficient  distance,  the  body  B  is 
found  in  its  natural  inert  electrical  condition. 
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53.  The  difficulties  presented  to  the  explanation  of  this 
species  of  polarity,  by  rejecting  electric  repulsion,  are  entirely 
removed  by  the  admission  of  that  principle,  or  attribute,  into 

^  the  theory.  Let  the  accumulated  fluid  on  the  body  P,  repel 
the  fluid  in  the  body  B,  and  the  explanation  becomes  exceed- 
ingly easy  and  familiar.  The  body  B,  being  a  good  conduc- 
tor, its  fluid  would  be  easily  put  into  motion  by  the  disturbing 
repulsive  force  on  P.  By  this  repulsive  force,  the  fluid  ori- 
ginally occupying  the  extremity  «,  of  the  body  B,  would  be 
partially  dislodged,  and  driven  towards  the  extremity  p.  The 
extremities  «  and  p  would  then  be  respectively  negative  and 
.positive,  as  shown  by  the  experiment. 

54.  The  distribution  of  the  fluid  on  B,  will  vary  accord- 
ingly to  the  extent  of  disturbance;  which  may  be  made  to  vary 
either  by  varying  the  electric  power  of  P,  or  by  varying  the 
distance  between  the  two  bodies.  Hence  it  is.  obvious  that 
the  position  of  the  neutral  plase  B  C,  will  change  its  position 
accordingly  with  these  icirounistanjces..  The  neutral  part  of  B 
can  hardly  be  defined  as  a  plane  in  aU  cases;  because,  wlien 
the  conductor  Kislarge,  ithiipeift  a  neutral  zone  of  some,  con- 
siderable dimen^ionsy  whose  iposition  ni^ill  vary  with  the  cir- 
cumstances connected  with  the  <  disturbance; 

-55w  If,  instead  of  beiag  loetited  with  the  positively  elec- 
trized body  P,  the  conductor  By  were  in  the  vicinity  of  a 
negatively  electrized  body  N>  fig.  ©O^  the  character  of  polar- 
ization in  B  would  be  the  reverse  of  that  in  the  fonner  case. 
Or,  the  :ncarest  extremity  *  p  would  be  positively,  and  the 
remote  extremity  w,  negatively  dectrical.  To  explain  this 
event  we  have  only  to  understand'  that  the  natural  electric 
pressure  (41)  on  the  extremity  p  is  lessened  by  the  presence 
of  the  n^^ive  body.  The.  fluid  in  B  will  now  obey  the  law 
observable  in  all  fluids,  and  will  move  in  the  line  of  least  re- 
sistance,/or,  towards  the  .extremity  p,  and  thus  the  body  B 
will' become  electro-polar.  When  the  negative  body  N  is  suf- 
ficiently removed,  the  fluid  of  the  body  B  will  again  experi- 
ence an  equable  oircuniiambient;pre»sure(41),and  will  conse- 
quently resume  its  former  natural  distribution. 

5^,  The  experiment  which  I  have  been  describing  has 
been  known  to  electricians  for  many  years,*  and  the  expla- 

♦  Otto  Guericke,  a  famous  philosopher,  and  Burgomaster  of 
Magdeburg,  who  flourished  aboiit  1 670,  was  the  first  to  discover 
that  bodies  could  be  electrized  without  having  the  fluid  com municated 
to  them.  Priestley's  History  of  Electricity,  p.  8.  Some  experi- 
ments by  Stephen  Grey  also  showed  electrization  by  locality.  This 
ingenious  electrician,  in  the  year  1730,  electrized  a  boy,  suspended 
by  silken  cords,  by  bringing  near  to  him  an  excited  glass  tube. 
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nation  which  I  have  given  of  it,  is  far  from  being  new.  It  is, 
in  principle,  the  same  as  is  given  bv  several  authors ;  but  per^^ 
haps  the  most  minutely  described  by  Viscount  M ahon,  after* 
wards  Lord  Stanhope ;  by  whom  the  greatest  variety  of  expe- 
riments were  made  on  loco-electrization  that  are  on  record.* 
I  have  repeated  most  of  this  Nobleman's  experiments  on  loco- 
electrization,  and  have  found  his  descriptions  of  the  pheno- 
mena exceedingly  correct;  although  in  some  others  he 
appears  to  have  been  very  much  deceived.  Beccaria  also  made 
many  interesting  enquiries  in  this  class  of  phenomena,t  wliich 
I  shall  have  more  particularly  to  notice  in  another  place.  Dr. 
M ilner,  of  Maidstone,  also  made  many  exceedingly  interesting 
experiments  in  loco-electrization,  which  are  diversified  in  a 
great  variety  of  ways.t  I  am  well  aware  that  Lord  Stanhope's 
explanation  of  these  phenomena  has  not  been  generally  re- 
ceived as  orthodox  electricity,  although  it  is  by  £eu*  the  sim- 
plest and  most  intelligible  that  has  been  proposed :  and  in 
every  other  attempt  at  explanation  the  principle  of  repulsion 
is  obviously  resorted  to. 

57.  Mr.  Morgan  has  attempted  to  repudiate  Viscount 
Mahon's  theory  with  greater  determination  than,  perhaps,  any 
other  writer  on  this  subject;  but  his  views  of  different  pheno- 
mena are  not  very  consistent  with  each  other ;  and  with  refer- 
ence to  the  present  question,  not  very  satisfactory.  Whilst 
speaking  of  the  polarized  body,  Mr.  Morgan  says,  in  rather  a 
lofty  tone,  ^^  a  metallic  body  is  said  to  be  in  two  different  states 
at  the  same  time.  What  single  electrical  fact  is  there  to  war- 
rant this  assertion  ?  What  is  there  intelligible  in  electricity, 
if  we  admit  that  perfect  conductors  can  have  their  equilibrium 
disturbed,  or  that  two  different  parts  of  them  can  be  at  the 
same  time  in  two  different  states,  when  there  is  no  kind  of 
insulation  to  separate  the  positive  from  the  negative,  but,  on 
the  contrary,  such  a  communication,  as  in  every  other  in- 
stance, immediately  restores  the  equilibrium  ?"§     Peiliaps 

When  the  tube  was  brought  near  his  feet  the  greatest  action  was 
about  his  head.  Phil.  Trans.  Original  No.  417,  p.  81.  Hutton's 
Abridgement.  Vol.  VII.  p.  459*  Priestley 's  History  of  Electricity, 
p.  3^  But  Canton,  Franklin,  iSpinus,  and  Wilcke,  made  the  first 
mteresting  series  of  experiments  on  this  branch  of  electricity. 
Priestley's  History  of  Electricity,  p.  21 1 . 

♦  Principles  of  Eletcricity.  By  Viscount  Mahon,  Quarto.  1779. 

f  GiambaJttista  Baccaria  dell'  electricismo  artificiale  e  naturale. 
1753,  Turin,  Quarto.     English  Translation,  sec.  3.     1776. 

X  Experiments  and  observations  in  Electricity.  By  Thomas 
Mihier,M.  D.  1783. 

§  Morgan's  Lectures  on  Electricity,  Vol.  11.  p.  275.     1794. 
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whilst  Mr.  Morgan  was  writing  this  isentence  he  had  forgot- 
ten that  he  had  previously  shown  that  a  continuous  conductor 
could  be  both  positive  and  negative  at  the  same  time.  Whilst 
describing  the  electric  conditions  of  the  coatings  of  cme  jar 
and  the  lining  of  another,  in  metallic  connexion  with  each 
other,  he  says,  "  the  deficiency  is  in  connexion  with  the 
superabundance."* 

58.  Those  electricians  who  have  written  in  favour  of 
Du  Fay's  hypothesis  of  vitreous  and  resinous  fluids,  explain 
the  phenomenon  (52)  upon  the  principle  of  decomposition. 
The  vitreous  fluid  of  the  body  P,  fig.  89,  attracts  the  resinous 
fluid  of  the  conductor  B ;  and  at  the  same  time  repels  the 
vitreous  fluid  of  B  to  the  most  remote  extremity  p.  When 
the  conductor  B  is  located  with  a  negatively  electrized  body 
N,  fig.  90  {55),  the  resinous  fluid  of  the  body  N  is  supposed  to 
attract  the  vitreous  fluid  of  the  conductor  B,  and  draw  it 
towards  the  nearest  extremity  p ;  whilst,  at  the  same  time, 
the  resinous  fluid  of  N  repels  the  resinous  fluid  of  the  conductor 
B,  to  the  remote  extremity  n.  Thus,  in  both  cases,  repulsion 
is  required  to  explain  the  phenomena.  The  same  principles 
are  here  applied  to  both  fluids,  as  Franklin  gave  to  his  one 
fluid ;  and  as  by  the  latter  the  problem  is  easily  solved,  there 
can  be  no  philosophical  propriety  in  admitting  the  compound 
fluid  of  Du  Fay. 

59.  The  phenomenon  which  appears  to  present  the  greatest 
impediment  to  the  universal  reception  of  electrical  repulsion, 
is  the  separation  of  light  bodies  when  negatively  electrized. 
The  hypothesis  of  Du  Fay  admitting  of  electric  repulsion  in 
both  its  fluids,  is  perfectly  prepared  for  the  explanation  of 
this  phenomenon;  by  alluding  it  to  the  natural  attribute, 
common  to  the  vitreous  and  resinous  fluids ;  which,  although 
attractive  of  each  other,  are  individually  repulsive  of  them- 
selves (58).  Hence,  the  difficulty  in  solving  the  problem 
which  this  phenomenon  presents  is  limited  to  those  who  admit 
of  one  electric  fluid  only ;  some  of  whom  have  had  recourse 
to  the  supposition,  that  all  matter  is  repulsive  of  itself  ,*  and 
that  bodies  which  are  negatively  electric  exhibit  this  sup- 
posed  universal  attribute  more  perfectly  than  when  in  any 
other  condition.  This  method  of  explaining  the  phenomenon 
was  first  proposed  by  M.  iEpinus,t  and  afterwards  adopted 
by  Mr.  Wilcke  $  and  still  further  supported  by  the  Honour- 

*  Morgan's  Lectures  on  Electricity,  Vol.  I,  p.  110. 

+  Tentamen  Theorise  Electricitatis  et  Magnetismi.  Petersburg, 
1759.    Priestley's  History  of  Electricity,  p.  395. 

X  Ibid.  p.  396. 
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able  Mr.  Cavendish,  who  made  an  immense  number  of  ex- 
perimentSy  with  some  mathematical  investigations,  which  to 
him  appeared  favourable  to  that  hypothesis.*  The  same  views 
of  negatively  electrized  bodies  are  still  favoured  by  some 
more  modem  writers  on  this  subject. 

60.  To  me,  there  appears  no  necessity  to  load  the  theory 
of  electricity  with  this  auxiliary  force  i  because  other  methods 
of  solving  the  problem  are  quite  as  8atis£Btctory.  Let  the  two 
balls,  X  y,  fig.  91,  be  attached  to  a  negatively  electrized  body 
N.  Now  the  balls  being  deprived  of  their  natural  share  of 
fluid,  will  endeavour  to  recover  it  again  from  the  nearest  por- 
tions of  the  surrounding  air;  and  in  consequence  of  both  of 
them  drawing  a  supply,  at  the  same  time,  from  that  {date  of 
air  directly  between  them,  it  will  become  more  negative  than 
any  other  stratum  in  the  vicinity  of  the  balls,  and  consequently 
less  enabled  to  continue  the  supply.  This  being  acccmiplishedy 
and  the  balls  givii^g  their  newly  acquired  fluid  to  the  body  N 
as  fast  as  they  collect  it,  they  will  remain  ne^^tively  electric* 
There  will  now  be  an  attraction  exercised  between  these  balls 
and  the  electric  fluid  of  the  atn[H>qdiere ;  and  as  the  balk 
yield  this  fluid  to  the  body  N  more  freely  than  it  is  capable 
of  extricating  itself  from  the  distant  particles  of  the  air,  the 
balls  travel  in  quest  of  new  supplies  towards  those  places 
where  it  is  most  abundant,  or  from  the  stratiun  which  tl»y 
have  already  partially  deprived  of  its  electric 'fluid  •  Hence 
it  is  that  the  balls  move  •  in  opposite  directions  'irom:  tl^eir 
original  plane  of  contact,  and  by  their  diveiigenoy:  appear  to 
repel  one  another;  although,  it  is  probable  that  the  pheno- 
menon does  not  essentially  depend  upon  arepalsion^but  is.prin* 
cipally  the  coQsequeftce  of  electrical  attractioDS.^      '  ^ 

61 .  Some  experimeBts  related  by  Ektrl  Stanhope  have  been 
the  cause  of  more  theoretical  speculation,  on  this  particolar 
topic,  than  any  other  with  which  I  am  acquainted;  and,  like 
some  of  more  modern  date,  have  been  productive  of  vcrry 
much  delusion.  The  experiments  and  the  inferences  drawn 
from  them,  are  described  in  the  followkig  manner : —    ; 

"a.  Experiment  I,  Jig.  98.  •  1  took- a  pair  of  cork-ball 
dectrometers  A  B,  whose  balls  were*  ti&ree-eighths  /bfan^inch 
diameter,  and  whose  parallel  legs  wer^  eight  inches  long; 
and  I  suspended  them  to  a  hook  that  wfts  fixed  to-ithe  un(feiu 
side  of ,  the  brass  cap  c  d  of  the  glass  jeceiverE,  F,  G,  H,  of 
an  air-pump,  as  shown  in  the  figure.  The  two  legs  of  this  elec^ 
troraeter,  in  order  to  prevent  their  twisting-,  were  made  of  fine 
straws  which  had  been  previously  well  soaked  in  salt  and 

*  Phil.  Trans.  Hutton's  Abridgement,  Vol.  XII L  p.  223.      . 
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water^  to  make  them  conduct  better.  Each  of  these  legs  w$gt 
suspended  at  top,  by  a  very  fin^  linen  thread  erf  about  owe- 
ttvelfth  of  an  inch  in  length. 

"  b.  In  order  to  render  the  glass  receiver  a  good  non-con- 
ductor of  electricity,  I  caused  it  to  he  perfectly  well  dried 
by  means  of  fire.  It  was  proper,  in  this  experiment,  to  avoid 
giving  any  friction  to  the  glass  receiver,  for  fear  of  chargiiig 
the  glass,  » 

"  c,  Upon  chaa<ging  a  small  prime  conductor,  which  was 
made  to  communicate  with  the  brass  cap  of  the  glass  receiver, 
the  electroBaetrical  balls  divaricated  above  two  inches  and  a 
half.  0 

"  d.  EaopeHment  2.  I  then  began  to  exhaust  the  receiver  i 
upon  doing  which,  the  balls  soon  began  to  devaricate  less  and 
less.  And  as  soon  as  the  short  basometer  gage  was  got  down  to 
about  one  qiuurter  ot  an  inch  (the  barometer  being,  that  day, 
at  the  height  oi  twtnty-nine  inches  and  a  quarter')^  the 
devarication  of  the  balls  from  each  other,  became  reduced  to 
less  than  one  quarter  of  an  inch. 

"  e.  So  that,  by  fff  parts  of  the  natural  quantity  of  air  con- 
tained in  the  receiver,  being  exhausted^  the  devarication  of  the 
electrometrical  bills  was  diminished  to  less  than  one  tenth 
part.  For,  the  chord  of  the*  angle  of  divarication  was  de- 
creased (as  was  said  before,  c  and  d)  from  above  two  inches 
and  a  half  to  less  than  one  quarter  of  an  inch.  That  is  to 
say,  that  the  «^^«ed  sine  of  the  angle  of  devarication,  was 
decreased  considerably  moi^  than  an  hundred  times ;  because^ 
the  versed  ^ines  are  always  as  the  squares  of  the  chords. 

"y*.  I  should  be 'inolii^d  to  imagine,  it  this  experiment 
were  made  with  great'  accurBcy,  and  with  a  proper  electro- 
meter, that  the  versed  sine  of  the  angle  (^devarication,  would 
always-  be  m  the  same  ratio,  bM  the  density  of  the  air  in  the 
receiver;  provided  that  proper  means  were  taken  to  keep  the 
apparatus  suffici^itly  free  from  moisture  during  the  expe- 
riment. V  . 

"^.  Experiments.  1  then  electrified  the  glass  of  thie 
receiver  itself;  but  as  long  as  the  receiver  remained  ex- 
hausted  to  the  degree  above-mentioned  {d)y  it  was  out  of  my 
power  to  cause  the  electrometrical  balls  to  devaricate  above 
one  quarter  oiBXkixicYi.      ' 

*'A.  '  Experiment  Ai.  I  then  let  the  air- return  into  the 
receiver,  which  circumstance  alone  caused  the  balls  again  to 
divaricate  considerably,  although  I  gave  to  the  apparatus  no 
fresh  supply  <f  electricity.  But  the  balls  took  up  a  short 
time  in  coming  to  their  rail  degree  of  devarication.  The 
reason  of  which,  evidently  was,  that  the  unelectrified  air. 
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which  entered  into  the  receiver,  could  not  receive  immediately ^ 
jrom  the  charged  apparatus^  that  degree  of  electricity  which  it 
was  able  finally  to  acquire. 

"  i.  I  repeated  these  experiments  with  the  exhausting  air 
pump^  several  times,  and  I  always  found  results  that  were 
similar. 

*^j.  From  these  experiments,  it  aiq>ears,  that,  when  bodies 
are  charged  with  electricity,  it  is  the  particles  of  ("circum- 
ambient J  air  being  electrized,  that  constitutes  the  electric 
atmosphere  which  exists  around  those  bodies. 

"  k.  Now,  since  an  electrical  atmosphere  (whether  nega- 
tive or  positive),  consists  of  electrified  air,  it  evidently  follows, 
that  the  density  of  the  electricity  of  the  air,  must  be  in  some 
inverse  ratio  of  the  distance  from  the  charged  body,  which 
causes  that  electric  atmosphere. 

**  /.  That  electric  atmospheres  do  decrease  in  density,  the 
more  the  distance  from  the  electrified  body  is  increased,  is 
demonstrable  by  means  of  a  proper  electrometer  in  every 
instance. 

*^  m.  From  these  simple  considerations,  it  is  easy  to  reduce 
all  the  different  phenomena  of  electrical  attraction  and  re- 
pulsion to  one  plain  and  convenient  principle,  derived  from 
the  very  nature  of  a  disturbed  electrical  equilibrium  ;  namelj) 
to  the  elastic  tendency  of  the  electric  fiuid,  to  impel  every 
body,  charged  either  in  plus  or  in  minus,  towards  that  part 
of  its  electric  atmosphere,  where  its  natural  electrical  equi- 
librium would  be  the  most  easily  restored. 

"  72.  From  this  simple  principle,  it  is  evident,  that  bodies^ 
which  are  charged  with  contrary  electricities,  must  tend  to 
approach  each  other,  whenever  the  skirts  of  their  (oppositely 
electrified)  atmospheres  interfere. 

"  o.  From  the  same  simple  principle,  it  is  also  easy  toun* 
derstand,  why  bodies,  that  are  charged  with  the  same  kindoi 
electricity,  tend  to  diverge  from  each  other. 

**  Every  body  that  is  electrified  (whether  in  plu^  orin  minus) 
has  a  constant  tendency  to  return  to  its  natural  state;  and 
this  causes  it  to  electrify,  in  a  certain  degree,  other  bodies  in 
contact  with  it,  and  the  air  in  its  vicinity,  in  a  manner  similar 
to  that  explained  above. 

^^p.  If  two  bodies  (for  example)  be  both  positive  ;  neither 
body  will  be  able  to  deposit  its  superabundant  electricity 
upon  the  other  body,  which  is  also  similarly  electrified  in 
plus.  It  is  therefore  evident,  from  the  simple  principle  men- 
tioned above  (w),  that  if  these  bodies  be  brought  near  each 
other,  each  body  will  be  impelled,  towards  the  particles  of  air 
on  its  other  side,  which  are  electrified  in  plus  only  in  a  smaU 
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degree.  That  is  to  say,  that  each  body  will  tend  to  diverge 
from  the  other. 

*^  q.  If  these  bodies,  on  the  contrary,  be  both  negative  ; 
neither  body  will  be  able  to  have  its  deficient  electricity 
supplied  from  the  other  body,  which  is  also  similarly  electri- 
fied in  minus.  It  is  therefore  evident,  from  the  the  simple 
principle  mentioned  above  (m) ,  that,  if  these  bodies  be  brought 
near  each  other,  each  body  will  be  impelled,  towards  the  par- 
ticles of  ail*  on  its  other  side,  which  are  electrified  in  mihu^ 
only  in  a  small  degree.  That  is  to  say,  that  each  body  will 
tend  to  diverge  from  the  other. 

"  r.  So  that,  bodies,  which  are  charged  with  the  same 
kind  of  electricity  (whether  positit>e  or  negative),  must 
necessarily  tend  to  diverge  from  each  other." 

62.  The  inferences  which  the  noble  author  has  drawn  from 
his  experiments  are  obviously  at  variance  with  the  doctrine  of 
electrical  repulsion ;  which  is  the  more  remarkable  because 
he  has  acknowledged  the  ^/o-s^zceYy  of  the  electric  fluid  (m); 
a  property  evidently  traceable  to  the  attribute  of  repulsion 
exercised  by  its  individual  particles  (50,  51). 

63.  There  can  be  no  objections  to  Lord  Stanhope's  method 
of  explaining  the  phenomena,  as  far  as  it  proceeds ;  because 
attraction  is  unquestionably  in  play  in  the  divergency  of 
similarly  electrized  bodies,  as  that  phenomenon  is  usually  dis- 
played :  but  neither  the  experiments  of  that  nobleman,  nor 
the  inferences  he  has  drawn  from  them,  have  any  tendency 
whatever  to  disprove  the  existence  of  a  repulsive  electric 
force. 

64.  I  am  well  aware  that  these  experiments  are  usually 
looked  upon  as  master-pieces  of  their  kind,  and  are  much 
admired  and  frequently  quoted  by  those  philosophers  whose 
opinions  are  hostile  to  the  doctrine  of  electrical  repulsion ; 
and  as  their  correctness  has  never  yet  been  disputed,  they 
are  regarded  as  affording  standard  data,  on  which  much  theo- 
retical speculation  has  been  founded. 

65.  To  me,  however,  these  experiments  have  nevet 
appeared  in  that  light ;  but,  on  the  contrary,  1  have  always 
considered  the  data  which  they  afford,  much  too  scanty,  if 
even  the  recorded  results  had  been  admissible  as  facts  on 
i¥hich  implicit  confidence  could  have  been  placed.  And  on 
looking  at  the  circumstances  connected  with  the  experiment!^, 
it  is  not  difficult  to  perceive  that  those  results  are  placed  in  a 
very  questionable  posture ;  and  are  obviously  objectionable  in 
whatever  point  of  view  the  scientific  electrician  may  con- 
template them. 

66.  The  electrometer  (60.  a.),  which  Lord  Stanhope  em- 
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ployed  in  these  experiments^  was  not  much  calculated  to  give 
very  exact  results  in  an  atmosphere  so  far  attenuated  as  that 
it  is  said  to  have  been  placed  in  (60.  d,).  Its  balls  were  far 
too  heavy  (60.  a.)  to  be  kept  divergent  by  any  electric  force 
which  they  could  retain  in  so  good  a  conduciing  medium  as 
that  of  an  atmosphere  supporting  only  one  quarter  of  an  inch 
of  mercury.  The  electric  force  which  kept  the  balls  two  inches 
and  a  quarter  apart^  (60.  c.)  in  a  common  atmosphere,  would 
be  mostly  lost  in  the  attenuated  one,  (60.  d,);  for  with< 
drawing  the  air  with  the  pump,  would  remove  the  insulation; 
and  consequently  a  portion  of  the  fluid  would  make  its  escape 
from  the  straws  and  their  balls ;  probably  to  the  base  of  the 
instrument.  But  it  is  stated  by  Lord  Stanhope  that  the  elec- 
tric force  was  not  lost  by  the  attenuation  of  the  air ;  for  he 
says  that  when  the  air  was  readmitted,  the  balls  again 
devaricated  "  considerably,  although  I  gave  to  the  apparatus 
no  fresh  supply  of  electricity**  (60.  A.):  and  from  the  sub- 
sequent part  of  that  paragraph  we  are  led  to  understand  that 
the  balls  ultimately  diverged  to  the  same  extent  as  at  first ;  a 
conclusion  not  very  consistent  with  the  doctrine  of  electric 
atmo^eres  (60.  k.  to  r.).  For,  one  would  be  led  to  suppose 
that  the  first  electric  atmoQpheres  of  the  balls  would  be 
partly  removed  by  the  action  of  the  pump,  and  another  pur 
have  to  be  formed  on  the  readmission  of  the  air^  and  the  for- 
mation of  these  second  atmospheres  would  have  to  be  at  tht 
expense  of  the  electric  fluid  from  the  balls,  straws^  and  cap  of 
the  instrument,  in  all  of  which,  the  remaining  fluid  would 
be  attenuated^  and  the  divergency  ought  not  to  be  so  great  as 
before.  r  < 

67.  I  do  not  know  th^t  Lord  Stanhope's  experiments  havtf 
ever  been  repeated ;  or  if  they  have^  Lshould  suppose,  from  the 
estimation  in  which  they  are  held  by  some  of  our  ktest  writers 
on  this  subject^  that  they  have  never  been  much  /varied ;  and 
but  very  imperfectly  understood.  Singet,  who  has  left  the 
best  treatise  on  electricity  in  the  Bnglibh  language,  speaks  of 
Lord  Stanhope's  experiments  with  great  confidence :  and 
quotes  them  in  support  of  his  opinion  of  there  being  no  such 
attribute  as  electric  repulsi^m.*  Since*  the 'publication  oi 
Singer's  wdrk^  I  caniiot  find  that  any  scientific  jommal  has 
noticed  these  celebrated  experiments  farther  than  an  oc- 
casional quotation ;  and  ihsrefore  I  tat  in  hope«  that  the  ex<- 
periments  which  I  am  about  to  detail,  will  appear  interestkig, 
not  only  to  the  London  Electrieal  Society,  butto  phiIoso{^r8 

♦  Elements  of  Electricity  and  Electro«-chemi8try.  By  George 
John  Singer,  p.  ^.—London,  1814. 
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generally  who  are  engaged  in  theoretical  enquiries  in  this 
branch  of  physics. 

68.  I  prepared  an  electrometer  similar  to  that  employed 
by  Lord  Stanhope  (60.  a.);  and  proceeded  to  repeat  the  experi- 
ments in  the  manner  already  described  (60.  c,  d,  h,).  Prior 
to  the  attenuation  of  the  air  in  the  receiver^  the  cork  balls 
were  caused  to  diverge  to  about  two  inches  from  each  other  by 
the  iapplication  of  an  excited  glass  tube.  The  pump  was  im- 
mediately brought  into  requisition,  and  whilst  the  air  in  the 
receiver  was  being  attenuated,  the  divergency  of  the  cork 
balls  began  to  be  lessened ;  and  before  the  attenuated  air  was 
counterbalanced  by  one  inch  of  mercury,  the  balls  got  to 
within  a  quarter  of  an  inch  of  each  other.  The  air  was 
now  readmitted  to  the  receiver  very  slowly ;  but  the  balls 
showed  no  tendency  to  separate  again.  I  repeated  this  experi* 
ment  many  times  with  similar  results. 

69.  It  now  occurred  to  me  that  the  cork  balls  were  too 
heavy ;  and  that,  relativelj^  to  the  two  extreme  conditions  of 
the  air  (dense  and  rarefied)  inJ  which  they  were  immersed^ 
they  would  be  heavier  in  one  case  than  the  other.  This  latter 
circumstance,  however,  could  not  prevent  the  balls  from  diverg- 
ing again  when  the  air  was  readmitted;  for  if  the  electric 
fotce  had  continued  unimpaired  till  the  return  of  the  air,  the 
divergency  ought  to  have  progressed  as  the  density  W€us 
restored. 

70.  I  now  removed  the  cork  balls  from  the  ends  of  tile 
straws,  and  replaced  them  by  small  balls  of  the  pith  of  the 
elder.  I  again  electrized  the  apparatus  with  aQ  exqited  glass 
tube  until  the  balls  diverged  to  about  two  inches  from  each 
other.  On  attenuatii^g  the  air  to  the.  same  extent  as  before^ 
the  balls  approached  to  withili  about  3-8ths  of  an  Inch  of  each 
other.  The  air  was^ readmitted  gently,  but  the  balls  never 
separated  any  farther^  than  whilst  the  air  was  attenuated. 
This  experiment  I  also  repeated  several  times  and  the  results 
were  cdways  of  a  similat  description ;  the  coUapsion  of  the 
balls  usually  bringing  them  to  within  half  an  inch  from  each 
other  when  the  air  to  which*  they  were  exposed  counterbalanced 
one  inch  of  mercury ;  but  in  no  <jasp  did  they  diverge  again 
when  the  air  was  restored  ta  itsjusilal  density.  From  these 
facts  nothing  seemed  more  likejy  than  that  a  portion  of  the 
electric  fluid  had  escaped  by^  the  attenuation  of  the  air  in  the 
receiver.  :  ^      .    . 

71.  My  next  experiment  was  intended  to  ascertain  if  the 
pith  balls  could  be  made  to  diverge  to  two  inches  in  air 
attenuated  sq  ad  to  counterbalance  only  one  inch  of  mer- 
cury.     The  air  in  the  receiver  having  been  brought  to  this 
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Btandard  density^  the  excited  glass  tube  was  brought  to  the 
cap  of  the  instrument.  The  straws  and  balls  now  exhibited 
some  strange  antic  motions  not  easily  described.  They  would 
first  suddenly  diverg^to  a  considerable  extent,  and  as  suddenly 
return  to  their  vertical  position  in  the  axis  of  the  glass; 
repeating  these  motions  two  or  three  times  before  the  tube 
came  into  actual  contact  with  the  cap  *of  the  electrometer. 
And  it  was  often  with  great  difficulty  that  they  could  be 
made  to  remain  separate  when  the  excited  tube  was  taken 
away.  From  the  results  of  this  experiment,  often  repeated,  i^ 
seemed  obvious  that  the  fluid  was  given  off  by  the  straws  and 
balls,  either  to  the  sides  of  the  receiver,  or  to  the  pump  plate. 
The  latter,  however,  appearing  the  more  probable  course  for 
it  to  take,  I  contrived  tne  following  experiment  to  ascertain 
how  far  this  view  might  be  correct. 

72.  Two  electroscopes  were  provided  for  this  experiment, 
which,  when  properly  prepared,  were  placed  the  one  on  the 
other,  as  represented  by  fig.  93.  The  receiver  A,  prior  to  its 
being  situated  on  B  as  in  the  figure,  was  placed  on  the  plate 
of  a  jet  d'eau  experiment  apparatus,  whilst  the  latter  was 
screwed  in  the  orifice  of  the  pump  plate.  The  air  in  A  was 
then  attenuated  until  it  would  just  counterbalance  one  inch 
of  mercury.  This  done,  the  communication  was  cut  off  by 
turning  the  stop-cock  s,  the  apparatus  was  then  taken  from 
the  pump,  and  screwed  to  its  base  d,  and  afterwards  placed  on 
the  electroscope  B,  whose  contained  air  was  of  the  density  of 
the  atmosphere.  On  bringing  the  excited  glass  tube  near  to 
the  cap  of  the  electroscope  A,  the  pith  balls  made  several  sin- 
gular motionr,  but  did  not  evince  much  tendency  to  diverge 
from'  each  other.  But  the  pith  balls  within  B,  diverged  to  an 
inch  and  a  half  at  least,  as  decidedly  as  if  the  tube  had  beeu 
brought  directly  to  its  cap.  When  the  excited  tube  was 
taken  away,  the  balls  in  A  hung  close  together ;  but  those  in 
B  remained  divergent,  as  shown  by  the  figure.  The  tube  was 
excited  anew,  and  again  applied  to  the  cap  of  A,  whose  balls 
again  were  much  agitated,  and  the  balls  within  B  diverged 
farther  than  before,  and  even  struck  the  sides  of  the  glass. 
By  a  few  trials  I  found  that  any  degree  of  divergency  might 
be  given  to  the  balls  in  B ;  but  that  there  was  great  difficulty 
in  keeping  those  in  A  separated  more  than  about  half  an  inch 
from  each  other  after  the  excited  tube  was  taken  away: 
although,  by  regulating  the  distance  between  the  tube  and  the 
cap  of  the  instrument,  they  might  be  made  to  separate  one 
inch  or  more. 

73.  The  experiment  (72)  was  repeated,  by  applying  a 
large  piece  of  excited  amber,  instead  of  the  glass  tube,  to  the 
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cap  of  the  instrument  A*  The  results  were  similar  to  those 
obtained  when  the  glass  tube  was  employed,  only  the  balls 
in  A  were  not  so  much  agitated^  The  l;)alls  in  B,  separated 
as  before,  though  not  to  so  great  an  extent ;  whilst  those  in 
A,  separated  farther  than  by  the  application  of  the  tube;  and 
remained  more  divergent  after  the  amber  had  been  taken 
away.  The  balls  in  B  were  made  to  separate  two  inches  and 
a  half,  by  three  applications  of  the  excited  amber  to  the  cap 
of  A ;  and  remained  separated  for  some  time,  after  the  amber 
was  removed. 

74»  Now,  although  the  results  of  these  experiments  appeared 
satisfactory  enough  that  the  fluid  communicated  to  the  in- 
strument A,  from  thp  glass  tube,  was  transmitted  through  the 
attenuated  air  to  the  lower  instrument  B ;  and  when  the 
amber  was  used  the  fluid  moved  in  the  opposite  direction : 
yet  it  was  necessary  to  ascertain  how  far  the  two  instruments 
would  be  affected  by  electrical  locaUty  alone  (52),  when  both 
were  filled  with  air  of  the  common  density  of  the  atmosphere, 
which  at  that  time  counterbalanced  29*6  inches  of  mercury ; 
the  temperature  pf  the  room  being  60'  F.  The  two  in- 
struments were  again  placed  as  in  fig.  94,  and  the  excited  glass 
tube  made  to  approach  the  cap  of  A.  The  balls  in  this  in- 
strument diverged  considerably ;  but  those  in  B  were  scarcely 
affected.  On  bringing  the  tube  into  contact  with  the  cap  of 
A,  the  pith  balls  struck  the  side  of  the  receiver ;  and  those 
in  B,  separated  about  half  an  inch ;  and  remained  about  a 
quarter  of  an  inch  apart  after  the  excited  ,tube  had  been  taken 
away.  The  experii^ent  was  often  repeated  and  with  similar 
results:  excepting  that  the  balls  in  B  did; not  always  remain 
divergent  after  the  excited  body  was  removed  from  the  cap  of 
A :  but  generally  remained  as  in  the  figure. 

75.  By  comparing  the  results  of  the  above  described  ex- 
periments (71,  72,  73,  74,)  we  discover  a  material  difference 
between  thp^e  which  were  produced  when  the  air  in  the 
instrument  A,  was  attenuated,  and  when  at  the  common  den- 
sity of  the  atmosphere.  When  the  balls  were  immersed  in 
the  attenuated  air  (71,  72,  73,),  their  motions  werejapid  and 
exceedingly  irregular;  unless  great  care  were  otxserved  in 
bringing  the  excited  body  very  slowly  towards  the  cap  of 
the  instrument.  And  even  when  the  greatest  care  was  taken, 
the  balls  would  suddenly  strike  each  other  after  a  moment's 
separation  :  and  would  repeat  these  motions  two,  three,  and 
often  four  times  before  the  excited  tube  arrived  at  the  cap  of 
the  instrument.  But  when  the  air  within  the  instrument  A, 
was  of  the  common  atmospheric  density,  no  such  vacillancy 
was  exhibited  by  the  balls  (74).     The  divergency  was  inva- 
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riably  regxdar,  and  progressive  as  the  excited  body  approached 
the  cap  of  the  instrument :  and  in  no  case  did  the  balls  strike 
each  other  whilst  under  the  electric  influence  of  the  tube,  or 
the  amber.  Another  striking  contrast  in  the  results  of  these 
experiments  is  observable  in  the  ultimate  maximum  diver- 
gency* of  the  balls  in  the  two  instruments.  When  the  air  is 
attenuated  in  A,  the  ultimate  maximum  divergency  is  invari- 
ably greater  in  B  than  in  A  (72).  But  when  the  air  in  both 
instruments  is  of  the  common  atmospheric  density,  the  ulti- 
mate maximum  divergency  is  uniformly  greater  in  A  than  in 
B  (74).  By  taking  into  consideration  every  circumstance 
connected  with  the  above  experiments,  there  was  every  rea- 
son to  suppose  that  when  the  air  was  attenuated  in  the  instru- 
ment A,  it  became  a  sufficiently  good  conductor  to  carry  oflT  a 
portion  of  the  fluid  from  the  cap,  straws,  and  balls  of  the  in- 
strument :  and  that  this  fluid  was  transmitted  to  the  lower 
instrument  B. 

,  76.  Thinking  that,  if,  in  place .  of  the  salted  straws,  two 
better  conducting  stems  were  suspended  in  the  instrument  A, 
the  loss  of  fluid  in  an  attenuated  medium  would  be  better 
observed,  I  procured,  for  this  purpose,  some  fine  copper  wire, 
from  which  proper  lengths  were  taken.  One  extremity  of  each 
piece  was  bent  into  the  shape  of  a  hook,  and  the  other  extre- 
mity furnished  with  a  pith  ball ;  and  both  wires  were  hung  in 
the  axis  of  the  receiver.  The  instrument  was  now  placed  on  the 
plate  of  the  air  pump ;  and  befdr*  any  attenuation  was  carried 
on,  the  excited  glass  tube  was  made  to  approach  the  cap  of 
the  electroscope.  The  balls  separated  from  each  other  as 
gradually  as  when  attached  to  the  straws  in  the  former  expe- 
riments, in  air  of  the  common  atmospheric  density  :  and  when 
the  tube  was  brought  close  to  the  cap  of  the  instrument,  the 
balla  struck  the  sides  of  the  receiver.  When  the  electric  force 
of  the  tube  was  bot  too  great,  the  divergency  might  be  ex- 
tended to  any  required  degree  without  the  balls  striking  the 
receiver :  and  if  the  cap  were  touched  by  the  tube,  the  balls 
would  remain  two  inches  apart  for  several  minutes  after  the 
tube  was  taken  away.  To  ascertain  this  latter  fact,  was  the 
principal  ol^ect  of  this  experiment. 

♦  ^'  Ultimate  maximum  divergency"  m  intended  ^  express  the 
divergencies  in  th^ir  last  stages ;  or  when  the  excited  body  is  with- 
drawn from  the  instrument  A,  which  i^  the  only  period  of  the  expe- 
riment in  which  a  just  estimate  of  their  relative  extent  of  divergen- 
cies can  be  formed.  For,  although  the  extent  of  divergency  o?  the 
balls  in  B  may  very  easily  be  ascertained  in  any  stage  of  the  pro- 
cess, the  sudden  vacillancy  of  those  in  A,  precludes  the  possibility 
of  knowing  to  what  extent  their  earliest  divergencies  are  carried. 
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77.  The  instrument  being  deprived  of  its  electricity  ac- 
quired in  the  last  experiment,  the  pump  was  brought  into  play 
until  the  attenuated  air  in  the  receiver  would  just  counter- 
balance one  inch  of  mercury.  On  apparoaching  the  cap  of 
the  receiver  with  the  excited  glass  tube,  the  wires  with  their 
balls  were  strangely  jdisturbed:  their  motions  being  more 
rapid  and  frequent  thfui  those  exhibited  by  the  straws ;  but 
remained  close  together  when  the  tube  was  taken  away.  By 
a  few  trials^  I  got  into  the  method  of  leaving  the  balls  sepa- 
rated about  half  an  inch  from  each  other ;  but  in  no  instance 
could  I  obtain  an  ultimate  maximum  divergency  to  a  greater 
extent :  and  even  this  only  for  a  few  moments  after  die  ex- 
cited body  was  withdrawn,  for  the  balls  soon  came  down  to  less 
than  a  quarter  of  an  inch  from  each  other. 

78.  I  now  varied  the  experiment  by  first  electrizing  the 
wires  and  balls,  and  afterwards  attenuating  the  air,  as  had 
been  done  whilst  the  straws  were  suspended  in  the  receiver 
(68,  70).  The  instrument  being  placed  on  the  pump  plate, 
the  balls  were  made  to  diverge  by  tha  application  of  the 
excited  glass,  tube.  When  the  tube  was  removed  from  the 
cap  of  the  receiver,  the  balls  were  about  two.  inches  apart. 
The  pump  was  now  brought  into  play,  and  as  the  attenuation 
of  the  air  proceeded,  the  balls  came  closer  together;  and  when 
the  mercury  in  the  gage  was  reduced  to  one  inch,  the  balls 
were  less  than  one  quarter  of  an  inch  apart.  The  air  was 
readmitted  very  gently,  but  the  balls  never  separated  farther 
than  when  in  the  attenuated  air. 

79.  I  have  repeated  every  experiment  herein  described, 
many  times  over,  and  have  taken  «very  care  that  I  could  think 
of  to  prevent  error  in  the  results.  The  experiments  described 
(in  68,  70,  78)  are  those  alone  which  can  be  considered  as 
repetitions  of  that  on  which  so  much  theorizing  speculation 
has  been  ventured;  and  ani  the  experiment  requires  no  very 
refined  experimental  dexterity,  it  is  not  difficult  to  discover 
that  there  is  some  unaccountable  error  in  Lord  Stanhope's 
description  of  the  results  (60,  h) ;  for  in  no  instance  have  I 
yet  seen  the  least  tendency  to  divergency  of  the  balls  by 
readmitting  the  air  into  the  receiver ;  nor  indeed  can  I  see 
any  cause  for  the  appearance  of  such  a  phenomenon,  unless 
it  were^from  the  greater  degree  of  buoyancy  which  the  balls 
wduld  Experience  in  the  dense  than  in  the  rarefied  air. 

80.  The  experiments  detailed  (in  71,72,73,  74,77)  may 
be  regarded  as  perfectly  original,  and  such  as  the  nature  of 
the  enquiry  obviously  required.  In  every  one  of  these  there 
has  appeared,  almost,  indubitable  proof  of  a  loss  of  fluid 
through  the  medium  of  the  attenuated  air;    a  conclusion 
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which  will  be  strongly  corroborated  by  the  next  descriBed 
experiments. 

81.  The  electroscope,  with  its  wire  indices  and  balls,  was 
placed  on  the  pump  plate,  and  the  balls  made  to  diverge, 
sometimes  by  the  application  of  the  excited  glass  tube,  and  at 
others,  by  the  excited  amber;  the  air  in  the  receiver  not 
being  molested  by  the  pump.  The  standard  divergency  was 
two  inches,  when  the  exciting  body  had  been  taken  away. 
The  object  of  the  experiment  was  to  ascertain  whether  the 
balls,  when  electrized  to  the  same  extent,  would  retain  their 
divergency  for  a  longer  period  when  the  air  was  undisturbed, 
or  when  it  was  attenuated  by  the  pump.  The  temperature  of 
the  air  of  the  room  in  which  these  experiments  were  made 
was  60'  F.,  and  the  barometer  stood  at  29*6  inches.  The 
results  of  the  experiments  are  shown  by  the  following  table. 
The  left-hand  column  shows  the  standard  distance  of  the  balls 
at  the  commencement  of  each  observation ;  and  the  character 
of  the  excited  body  employed.  The  second  column  shows  the 
time  required  for  the  loss  of  the  standard  quantity  of  electric 
action,  when  the  balls  remained  in  an  atmosphere  counterba- 
lancing 29-6  inches  of  mercury.  And  the  third  or  right  hand 
column  shows  the  time  required  for  the  same  loss  of  electric 
action  when  the  air  about  the  balls  was  reduced  to  a  pressure 
equal  to  that  of  one  inch  of  mercury. 

Table  of  experiments  exhibitins  the  time  in  which  an 
electrometer  lost  a  standard  quantity  of  electric  action,  in 
aerial  media  of  different  densities. 


The  sUudard  repnlsive  distance 
of  the  pith  balls,  3  inches, 
when  excited  by 

Time  reqnired  for  the  total  loss  of  the 
standard  quantity  of  electric  action. 

In  air  balancing  29*6 
inches  of  mercury. 

In  air  balancing  I 
inch  of  mercary. 

Glass 

5  minutes. 

1^  minutes. 

Amber 

4  minutes. 

\\  minutes. 

82.  Having  now  satisfied  myself  that  the  lessening  of  the 
divergency  of  the  balls  when  the  air  in  the  receiver  became 
attenuated  (60.  rf,  68, 70,  71,  72,  73,  77,  78, 81),  was  owing^ 
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to  a  real  loss  of  the  electric  fluid  which  they  sustained;  and 
that  the  total  disappearance  of  the  standard  quantity  was 
much  facilitated  when  the  air  in  which  the  balls  were  immersed 
was  attenuated  (81),  I  now  thought  it  possible  that  the  total 
disappearance  of  the  electric  action  on  the  balls  might  be 
efi'ected  in  a  still  less  period  of  time  than  that  shown  in  the 
table  (81),  by  diluting  the  electric  fluid,  with  which  the 
instrument  was  charged,  with  fresh  portions  of  air.  For  this 
purpose  the  receiver  was  made  quite  dry  and  warm :  and  when 
placed  on  the  pump  plate  an  electric  charge  was  given  to  the 
balls  from  the  excited  glass  tube  ;  which  caused  an  ultimate 
maximum  divergency  of  two  inches  and  a  quarter.  This 
being  accomplished,  the  apparatus  was  permitted  to  remain, 
unmolested,  till  the  divergency  entirely  disappeared :  which 
occupied  six  minutes  and  a  quarter.  The  instrument  was  now 
charged  again  to  the  same  standard  of  divergency  as  before. 
As  soon  as  the  glass  tube  could  be  got  out  of  the  hand,  the 
pump  was  brought  into  play,  and  the  mercurial  gage  brought 
down  to  three  inches.  The  air  was  readmitted;  and  again 
pumped  out  until  the  balls  came  close  together.  The  air  was 
now  again  readmitted  very  slowly,  but  the  balls  did  not 
diverge  again :  so  that  by  this  one  dilution  of  the  electric 
fluid,  the  whole  of  its  activon  on  the  balls  entirely  disappeared. 
The  time  occupied  was  forty -seven  seconds, 

83.  It  had  occurred  to  me,  at  various  times  during  these 
experiments,  that  there  was  a  probability  of  even  seeing  the 
electric  fluid  make  its  escape  from  the  balls  through  the 
attenuated  air  in  the  receiver,  provided  the  room  were  dark- 
ened; but,  being  at  that  time  otherwise  engaged  in  the 
evenings,  a  considerable  period  elapsed  before  I  had  an  oppor- 
tunity^ of  ascertaining  the  correctness  or  incorrectness  of  this 
idea.  *  Eventually,  however,  the  experiment  was  made,  and 
with  the  anticipated  success.  The  electroscope  with  the  wire 
indices  (76)  was  placed  on  the  pump  plate,  and  the  air  within 
attenuated  till  it  would  just  counterbalance  one  inch  of  mer- 
cury. The  glass  tube  was  then  excited  and  brought  towards 
the  cap  of  the  instrument:  and  the  wires  and  balls  were 
agitated  in  the  manner  already  described  (77).  The  room  was 
now  darkened  and  the  tube  again  excited;  and  then  brought 
to  the  cap  of  the  electroscope.  Sparks  immediately  appeared 
from  both  balls,  darting  in  a  very  beautiful  manner  to  the 
sides  of  the  receiver  at  nearly  the  same  height  as  the  balls 
were  suspended:  and  from  these  places  exhibited  luminous 
streaks  down  the  sides  of  the  glass  to  the  plate  of  the  pump. 
This  beautiful  and  conclusive  experiment  I  was  induced  to 
repeat  many  times :  during  which  I  frequently  observed  three 
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and  sottietime$  feur  crftkee^  streaks  of  electtricttl  light  by  due 
appHcatkm  of  the  Mdited  ttwibe.  Ttop  rtreatar  of  tight  eihibit^d 
in  this  ^xperimdtxt,  aiwytoleiibWrej^eseiil^l^y  the  €f(A&ed 
tines  ob,ob,o€i  oo,  in  fig.  9S.  ' 

84.  Wh^A  excited  ambet  wafe  knpioyed  iriit^tfd  <rf  4t» 
fflass  tube,  the  ^bt  wttfi  seeA  in'-the  tto^v^r^  decidedly 'a* 
in  the  last  experiment* (83)}  bUt  Its  Uffp^m^iitt^^m^  ^^  f-' 
ferent,  being  much  fainter  and  bm*  In  *«<*  ^  Alfinfedimte.- 
Both  of  the  pith  balls  appeared  teautSfttUy  ffliiniin«:ed;€)speci. 
aUy  on  their  lower  sides:  I  Iriedto  vary  tihelighit  by-Alactog 
pointed  wires  on  the  pump  plate,  isirefjwseited  b^  i^  »;  % 
96.  By  this  means  the  li^t  sAMih  the  balls  bocame  a  tttte 
brighter  than  before,  and  extended  either  from  thetH,  always 
inclinmg  towatrds  the  points  «m/^/  bttiin  no  instai^c^  wis 
there  much  brilliancy,  nor  any  d»fined  i6treahsf^**ig:teyaj 
when  the  glass  tube  was  ased^  The  figuredf  each  pWrtictf^ 
liriit  had  some  resembltoee  to«ir  ifnvci*ted  cobe,  as  itapr^e^tttea 
at  A  c,  fig.  96,  and  did  not^peto  mty  aidlke^^e  %^  ^»B»w 
some  comets  have  exhibited;         '     i        i.^ ...    J  »    ri-u.  .p 

85.  It  may  here  ba  pto^er  to  state,  thfet  I  ha^&  intartaWy 
obtained  more  aecurate  resiflts  ftomJ  Ae  metallio  <«^ire^dic^ 
or  stems  (76),  of  the  electroscope,  thawfiroift  th€>ati?s(wted^W 
in  a  solution  of  common  saJt  (60  a).  >  With  th«  fotftoery  Ai  m 
of  fluid  is  regular,  ^d  unifwmly  the  sam*!  in  eim  ^qp^^rifia^ 
made  nnder-  similar  cirommstanc^  :"bat  'i/^ilb'thte  wf^'^ 
results  are  much  in«Uerioedby»the»h<y5g¥bmettt«  ^nditJrt« 
the  salt,  aad  riso  by  the  aspetons  Borfaeefe'i^i^Moh;^!^^* 
to  the  straws.  Dry  straws  which  are  not^salted  ^ve  diflfe^w 
results  to  those  which  are  sq Seated:  ahd'g^ldleans'gwe 
still  different  rebults' to  either  striws*  or  •W^es.'  'm^8e'«ia 
many  other  drcumataiwfes  conm^ot^  withel56ctro%netiicft:^ 
ments  in  air  ^  diflferent  degrees  of  densltyymnd  sonte*  flov« 
facts,  wUl  be  more  pttrticdlarly  ^otite^jte  my  ie<^nc^^ 
which  win  shortly  be  submitted  to^  thecoilMeWi^tteb^W^ 
ElectrioalSocie<jy.  As  far  as  Ihave  hithtn>to|>rteecded,^ 
have  not  et>psaiied  any  fectsWhifeh  ^mijitati  arfwA^^^he  opm- 
tiottsofarepttdsivepowepin^displayof>«eeW<fe^ 

but  on  the eontjwy,  there  Jsmut>h-evid^<!^^itt^f$Wcrirtrf^8 
existence  k)f  that  attribatei  lt^'wi«ha>feb#jW]i*«^v<5d-^ 
LOTd  Stanhope'*  experiments ^aretbtally  i^foH^^^f^f*  *^ 
point !  and  it  is  somewhat «reiwaiPkabletbat^bis'LoittsttlK^^ 
had  raad^  so  ma^y  eiceli*^  ts^p^irjmibts  oii  tJkeN  polattf^ 
of  bodies  by  ^ectrical' l<&eatity,  should,  iti't*is''mstb£niei>tot« 
eonfided  so  tnwh  ow  oni  smgie*  exlperia^ent,  with^t  te ven  m 
stightest  variation :  for  his  Lordship  s^ys,  ih ihelappendix^w 
his  work,  at  p^e  235,  that  thdse  ^'^experiments  wierepertwo^ 
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with  posi4ipe  iQlefiU?i<?Uy»  only/,'    A»d ngwu: at  p«gid,236^  *^  Xfe 

great  confidence  which  Lord  Steiiihjt>im  placed  op^thkl  sia^e 
extie])iinia»t^  iitis  obyip^a  thal^  his  Ldrdahip)h«d  uot  ihe^  /^lightest 
sttspici<Wi  pl'tfeej^pafw  qA  flwd  m  4h^  atteuttHtedair:  ^md 
frotu  the  isofdioiti  ^miet^n-whifihf  tbia  e$$:pemiei:iti  has.  gene- 
rally kiiet  with ( ^smo9l(g^  phiiQSdpheDSj.it  would ^seom  that  not 
the  r]&ni,dte84  idea lOf  the* laot  ht^  hitherto  beeb  entertained; 

86.  It/\tiU'l|ajv^ibQefl[:pb«etvvedthat  iik  none  of  tha  experi- 
ments hith^rtiod^scrjihed^  have.  I  f^ttes^uated  the  au*  in  the 
r^eeifver  tora  gr^at^.^xt^ttthto  a$  acoimterbalanGeto  onieinch 
Qim/^tcntj :  wherms^io  Lpixi Stanhope's  experiment^  the  den^ 
sity  of  the  Air  wa0:reducedvso  as  to.  coimterbalanoe  only  one 
quarts  of 'fyi'inch  of  maretiiry^.  (60.  d^).  I  have  adhered  to  the 
^«eiei\  standard  tden^iiy.  oi^ithe  air  ini  the  receiver  €m  two  dif- 
feffent  aocoi^nts*  Firsts  heoavisewhen  the  meveury  in  the  short 
beuromeftet  gtige  had  &Uai  to  <^ne  inob^  the  covk  balls  kad 
approached  to  about  a  quarter  of  an  indh  of  ea<dh  other  (68); 
y^hhhwi^^ihQ,  s\or4€iat  distance  between  thfe  cork  balls  in 
his  lioixlship's  exp^imemta  (60*  •</.)•  Secondly,. as  the  gene- 
talifcy.-of  pumps'  wibi^  aue  ia  the  ha4Kls  of  experiment ers> 
will  ledpoe  th^  mer^Mri^i  column  to  one  inch>  and  but  only  a 
fejw  of  ti^efla  sufficiwtly  ftooiirate  to  bring  it  down  to  a  quarter 
ofianiinch,  I  havfe. thought  it  betteir  to  record  the  experiments 
Undertthoae  wcumstaniees.  in  which  they  may  be  repeated 
with  the  gsfeatestfa^^ijty ;  and  within  the  mngeof  those  means 
whidhi'fa'e  ai  HJommand  by  the  greatest  natiber  ol  experi- 
meQt€¥S4:  ift)!iwiU  he  tbeeessary  to  [meHtj^cin,  howtever,  that  X 
haveAttetmated  thet^aii^  about  the  dee^ia^d  balls  to  a  much 

I  gfBatei:  extenit : ,  bujb> .  m  might  ha/ve  been  expeoted>  the  loss  oi 

I  the  >fluid  vaisi  greater  4s  the  meretiriaL  octonn^  in  the  gage^ 

fhorlienedv  and  J.hsjv^ofittofoand,  Iha^iWhen  the  mr  was 

'         Q^iiteibali^9<^edby  Jesa  fthan  half  an.  inch  of /merouryythebeUs 

i         wmild  tfm^i  d<MirnttQi0i^  t^ttii  o£  aii^  itfch  Aom  each  othtr^ 

Miicb»  e)<aQti*tta^  h«wj^v»r>iw.illAlwayshe  i^eqnir^  in  eyperi-» 

meiata  of  tb^$.](ii^^(  for.,^  ^e  ktis  tof  tiie : eleatno  Amd  wiU 

I  depend  bota<)&tb€^  lal^m^le^  of  the  diraikl  on  the  ^l2W  oc- 

I         cni^ied  in MpudtiQ4>i»g((8tL  83i)y'i6  h  obvtio^fii  #ia(t  ttic^divergi^ey 

)         wiU  be  le»wjied(  ow  hoth  itheae  faecauats,  4»d  the  4i$iUii»c^  be*' 

,         Meen.the'  balls  wheia  Ih^. tn^fcwial  icolwrnn  is  jeduoed  to  Miy 

I         Hwn^rd  ^tltiPudi^i  wi}^l.  depend  uf^m  ^^  tm$  oceupied  iipi 

I         bringing.the  air  it<t^Ttbe  giveflde§r«fe«f  atitewiatiom 

87.  The  fi^9n«]}e(|i«ived  tabling. the  merctorial  column  of 
the  ga^e  i  down  to  a  q^ui^fW  of  ian  inch,  is  very  great  when 
^<Mftpar^.w)th  that  neoossary  to  reduee  it  only  te  one  inch; 
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even  when  the  best  pumps  are  used.  In  the  experiments  I 
have  described,  the  time  of  pumping  was  particularly  attended 
to;  the  standard  being  thirty  seconds:  which,  under  those 
circumstances  necessary  to  guard  against  the  agitation  of  the 
apparatus,  was  the  shortest  period  that  the  pump  which  I 
employed  would  allow  to  bring  down  the  mercury  to  one  inch. 
Under  all  these  circumstances  it  is  obvious  that  much  caution 
is  necessary  whilst  carrying  on  experiments  of  this  delicate 
nature ;  and  that  the  standard  attenuation  of  air,  which  I 
have  employed,  is  much  better  calculated  to  give  exact  results, 
than  when  the  attenuation  is  carried  on  much  farther.  And  as 
the  propagation  of  novel  facts  is  always  facilitated  by  simpli- 
fying the  means  of  producing  them,  I  have  been  anxious  to 
place  these  within  the  reach  of  every  experimenter :  hoping 
they  will  be  the  means  of  removing  some  of  those  theoreticcJ 
prejudices  which  have  so  long  rested  on  the  report  of  one 
solitary  experiment. 

Westmoreland  Cottage^ 
jWw.  26M,  1837. 


LXV.  Facts  and  Observations  for  the  purpose  of  illus- 
trating a  Theory  intended  to  connect  the  Operatim 
of  Nature^  upon  general  principles.  By  Paul  Coopbr, 
Esq. 

(Continued  from  page  374.^ 
78.     This  experiment  has  the  advantage  of  presenting  local 
circuits  in  a  form  in  which  they  cannot  be  mistaken.    When 
zinc  is  dissolved  in  diluted  acid,  the  positive  and  negative 
ends  of  the  circuits  are  not  distinguished  from  each  other  \] 
any  striking  dilTerence  in  their  appearance ;  for  although  the 
oxidation  takes  place  at  a  negative  surface  of  the  metal,  aad 
the  hydrogen  is  evolved  at  a  positive  surface,  where  there  is 
no  oxidation,  the  different  circuits  are  so  mixed  together,  and 
the  operations  are  upon  such  a  minute  scale,  that  we  cannot 
distinguish  the  one  from  the  other.     But  here,  lead  being 
separated  instead  of  hydrogen  at  the  positive  surface,  and  the 
atom  last  deposited  being  the  foundation  for  the  next  in  suc- 
cession, in  consequence  of  its  forming  the  positive  termination 
of  the  circuit,  while  the  oxidation  of  the  ;&inc  proceeds  at  the 
negative  termination,  as  with  the  diluted  acid,  there  can  be 
no  doubt  of  the  existence  of  these  circuits^  or  of  their  cha- 
racter and  utility.     The  two  operations  in  which  an  atom  of 
oxygen  is  simultaneously  taken  from  the  lead  and  added  to 
the  zinc,   at  points  considerably  distant  from  each  other, 
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could  riot  take  place  with  such  undeviating  regularity  if  these 
operations  were  not  connected,  so  as  to  be  dependant  upon 
each  other. 

79.  The  electro-motive  force  in  this  experiment  arises 
from  a  difference  in  the  electrical  forces  of  lead  and  zinc. 
There  is  an  atom  of  zinc  in  contact  with  oxygen  at  one  end 
of  the  circuit,  and  an  atom  of  lead  in  contact  with  oxygen  at 
the  other  end  of  the  circuit,  the  intermediate  space  being 
occupied  with  hydrogen  and  oxygen  in  alternate  atoms,  (as  in 
fig.  81,  Plate  XI.) ;  and  as  the  current  is  from  the  zinc,  it  is  a 
proof  that  it  presents  to  the  oxygen  a  surface  more  negative  than 
that  which  is  presented  to  it  by  the  lead  at  the  opposite  end  of 
the  circuit  (54).  In  confirmation  of  this,  when  the  oxygen  is 
united  to  the  zinc  and  the  lead  reduced  to  a  metallic  state, 
the  circumstances  are  reversed ;  but  there  is  no  reverse  cur- 
rent; the  zinc,  notwithstanding  its  closer  connexion  with  the 
oxygen,  having  still  the  most  negative  surface.  It  is  quite 
necessary,  however,  to  confine  ourselves  to  the  surfaces  of  the 
metals  in  the  state  which  is  induced  by  the  combination  in 
which  they  are  here  presented ;  a  difierent  combination  might 
produce  different  results,  and  the  natural  electrical  forces  of 
the  two  metals  are  known  to  be  the  reverse  (80). 

80.  These  investigations  are  extremely  curious  and  in- 
teresting ;  and  they  open  a  field  of  enquiry  which  leads  to  the 
most  unexpected  results.  In  the  present  instance  we  arrive  at 
a  conclusion  in  direct  opposition  to  our  previously  conceived 
notions  with  regard  to  the  affinities  of  positive  and  negative 
bodies;  but  which  is  completely  in  accordance  with  facts 
derived  from  experiment.  In  the  early  stages  of  this  enquiry 
I  came  to  what  appeared  to  me  the  very  natural  conclusion, 
that  the  electro-motive  force  depended  upon  the  greater  at- 
traction of  the  positive  element  for  the  new  negative  element, 
than  the  latter  had  for  that  which  it  quitted  to  make  the  ex- 
change (153);  but  subsequent  investigations  have  convinced 
me  that  this  conclusion  is  altogether  erroneous,  and  that  the 
real  state  of  the  case  is,  in  a  great  measure  if  not  entirely,  the 
reverse.  In  the  experiment  before  us,  lead  is  a  more  negative 
body  than  zinc,  and  if  its  attraction  for  oxygen  could  be  mea- 
sured by  the  actual  force  which  it  would  require  to  separate 
them,  there  can  be  little  doubt  that  it  would  be  found  to  pos- 
sess the  strongest  cohesive  force ;  yet,  zinc  takes  oxygen  from 
lead,  but  leaa  cannot  take  oxygen  from  zinc.  Hence  it  is, 
that  elements  which  have  the  greatest  attraction  for  each 
other  are  the  most  easily  separated  by  galvanic  action.*   The 

*  See  Becquerel.     Annals,  Vol.  I.  p.  402. 
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ci|lation^  are  perhaps  also  dependant  ti^h  tfeirfi.  *  " '  " " '  * 
82.'  'The  electro-motive  force  which  leads  t6  <he  fbmrti- 
tion  of  these  oircuits^  connected  as  they  probablv  are  witb 
operations  of  such  iinJ)o^:f  ance,  must  be  a  suliject  OTinvesfijft- 
tioq  entitled  to  our  best  attention.  In  order  to  give  a  clearer 
conception  of  the  nature  and  character  of  thJ's  fb>6e  W^  if^ 
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iXlt;  'LIUK, 


84.  We  may,  however,  dispose  of  ihe  difficulty  jarisili'g 
firpm  the  interposition  of  a  fourth  l^ody  in  tvp  othei  Ways. 
In  the  first  way,  by  referring  to  the  loca,!  c^cviits  which  are 
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formed  when  zinc  is  exposed  to  the  action  of  acidulated  water, 
already  described  (73);  in  this  cas^  the  circuits  are  formed  as 
in  fig.  82,  but  without  the  interposition  of  the  copper;  and 
the  current  is  from  the  zinc  to  the  oxygen,  from  the  oxygen 
td  the  hydrogen,  and  from  the  hydrogen  directly  to  the  zinc: 
the  chemical  and  other  effects  being  in  every  respect  the  same 
as  when  copper  is  introduced  as  one  of  the  elements  of  the 
circuit.  Or,  in  the  second  way,  we  may  suppose  the 
interval  between  the  plates^  of  which  sections  are  given  in 
fig.  78,  to  be  charged  with  a  solution  of  sulphate  of  cop- 
per :  in  this  case^  if  the  action  upon  the  solution  be  a  secon- 
dary result  (77  and  note),  as  in  fig.  83^  we  dispose  of  the 
hydrogen  by  placing  it  between  two  atoms  of  oxygen,  the 
eoual  electro-motive  forces  towards  which  balance  each 
otner,  and  the  force  of  the  current  is  derived  from  the 
electro-motive  forces  of  the  zinc  to  the  oxygen  and  the  copper 
to  the  zinc,  minus,  the  electro-motive  force  of  the  copper  to 
the  oxygen.  If,  then,  we  consider  the  electrical  forces  of  cop- 
per and  hydrogen  to  be  equal,  as  before,  we  shaU  obtain  from 
this  solution  a  current  of  equal  force  with  that  produced  by 
acidulated  water.  By  one  of  these  methods  we  get  rid  of  the 
copper,  and  by  the  other  of  the  hydrogen ;  and  by  both  we 
reduce  the  consideration  of  the  subject  to  the  smallest  number 
of  bodies,  with  difference  of  electrical  forces,  which  can  pro- 
duce a  current,  with  decomposition^  by  their  action  upon  each 
other. 

85.  It  has  been  found  by  experiment  that  the  forces  of 
the  currents  produced  by  these  two  methods,  estimating  them 
by  their  powers  of  decomposing  other  bodies  placed  in  the 
circuits,  are  nearly  equal ;  but  this  is  not  a  sufficient  proof  that 
copper  and  hydrogen  have  equal  electrical  forces ;  because  we 
have  no  means  of  showing  that  the  amount  of  disposable  force 
bears  any  exact  proportion  to  the  difference  of  the  electrical 
forces  in  the  bodies  which  produce  it.  For  instance,  we  have 
no  means  of  proving  that,  supposing  the  electro-motive  forces 
of  hydrogen  and  copper  to  oxygen  to  be  equal,  the  electro- 
motive forces  of  hydrogen  and  copper  to  zinc  must  also  be 
equal;  and  it  is  evident  that,  in.  the  absence  of  this  proof,  the 
amount  of  disposable  force  in  the  currents  is  not  sufficient 
evidence  of  the  relative  electrical  state  of  the  bodies  which 
produce  them. 

86.  But  I  think  we  can  show  by  other  experiments,  that 
hydrogen,  like  copper,  occupies  an  intermediate  station,  with 
regard  to  its  electrical  force,  between  zinc  and  platina.  It 
has  been  already  stated  (73),  that  vhen  zinc  is  plunged  into 
an  acid  diluted  with  water,  local  circuits  are  formed,  in  which 
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the  oxygen  of  the  water  is  connected  with  the  metal  where  it 
exhibits  a  negative  surface,  and  its  hydrogen  with  a  part  of 
the  same  metal,  where,  probably  from  some  admixture  of 
other  metals,  it  exhibits  a  positive  surface,  as  in  fig.  84. 

87.  The  balance  of  electro-motive  force  in  this  case  is  in 
favour  of  a  current  in  the  direction  of  the  arrow,  which  must 
reverse  the  poles  of  the  atoms  of  oxygen  and  hydrogen,  and 
produce  the  chemical  operations  already  described.  Let  us 
now  substitute  for  the  zinc  a  piece  of  platina,  as  in  fig.  85. 
This  metal  being  negative  to  zinc,  the  electro-motive  force  of 
which  to  oxygen  we  have  assumed  to  be  5,  and  to  copper,  the 
electro- motive  force  of  which  we  have  assumed  to  be  6,  we 
will  assume  its  electro-motive  force  to  oxygen  to  be  7,  as  inr 
the  figure.  But  if  we  take  the  electro-motive  force  of  platina 
to  oxygen  at  more  than  the  electro-motive  force  of  hydrogen, 
to  oxygen,  we  must  necessarily  conclude  that  platina  is  nega- 
tive to  hydrogen,  and  that  there  will  be  an  electro-motive 
force  from  the  former  to  the  latter ;  this  we  have  taken  in 
correspondence  with  a  former  assumption  (83),  at  2.  The 
balance  of  the  electro-motive  fdrces  will  consequently,  in  this 
experiment,  be  the  reverse  of  the  former,  as  indicated  by  the 
arrow  in  fig.  85;  but  a  current  in  this  direction,  which  must 
be  very  trifling,  will  only  tend  to  increase  the  polar  forces  by 
which  the  particles  of  water  are  held  in  their  present  form, 
and  it  can  therefore  produce  no  chemical  action.  This  we 
find  to  be  the  case  in  practice,  and  so  far  we  may  conclude 
that  our  theory  is  conformable  to  experiment. 

88.  If  instead  of  exposing  the  piece  of  platina  to  the  action 
ofacidulated  water,  we  plunge  it  into  a  mixture  of  oxygen  and 
hydrogen  gases,  the  same  circuits  will  be  formed  by  alternate 
atoms  of  these  gases,  brought  into  this  order  by  their  affinity 
for  each  other  ;  and  the  polar  forces  will  be  induced  which 
are  indicated  by  the  symbols  attached  to  the  difierent  atoms 
in  the  figure,  by  their  action  upon  each  other.  These  forces, 
however,  are  not  sufficiently  powerfiil  to  produce  a  cohesive , 
union  under  ordinary  circumstances ;  but  the  electro-motive 
force  of  the  current  in  the  direction  of  the  arrow,  which  could 
only  strengthen  the  union  of  the  atoms  of  oxygen  and  hydro- 
gen already  reduced  to  a  fluid  state,  (87)  will  now  increase 
the  polar  forces  of  these  atoms  and  enable  them  to  form  par- 
ticles of  water  by  a  cohesive  union.  Here  then  we  again  find 
theory  conformable  to  experiment ;  the  union  of  these  gases 
having  been  produced  by  the  means  we  have  described,  in  the 
experiments  of  Dr.  Faraday.*     The  circuits  are  represented 

*  Experimental  Researches  in  Electricity,  Sixth  Series. 
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in  figi*  Si^andiSSas^tennioating  on  opposite  surfaces  of  Ae 
meialy^but  this  ia  94t  bfuty  lMall^,  a  necessary  conditiou; 
they  may  terminate  ott  the  tsame  m^  or  jon/diffc^ent  sides,  at 
points ^stant. from  eaeh  oth^^  the  currej^  pasaiiiglrom'QQe 
termination  tb  the  'Oith^r  thsough^  th0  m^taL,     .  t .    .      . .  , 

89.  As  all  th»  metak  which  lore  ^€^^>^  ^  copper,  j^^f 
like  platina^  tobeoonbie  oxidibied  byi^o^comppritioa  of  waXs^i 
and  as  all  those  which  are  positive  toitteadily.s^ldaiit  to  thin 
operation,  while  copper  it&elf|4i8  it  iHlgbt  in  tbi«r<:Aa^>fbelaBg|s 
to  the  former  class,  and  8»it  has  been  sbowi^^  i^hatf^he^qu^tioii 
with  regard  to  chemical  aiction  djep^id^  upon  the  relativre  eUo 
trical  state  of  the  metal  toposed  to  ity  cooipared  w^h  bydiogfin, 
we  feel  ourselves  jtietified-  in  the  assumption  we,  have  made, 
that  ^be  electrical  forcea  of  ihy^rogeti  and  coj^r  are  neadj 
eqnal.  It  will  be  observ^that  in  eicperiments  of  jth^  letter 
class,  in  which  the  oxygen  is  sapi^ied  by  water^  lib^  aci^^ 
which  gives  activity  to  4»he  o^pesmtnon  .by  dis^olvdng  itb^^  o^d^ 
is  not  decompdsedy  and  «onse%«l0ntiy  Ibmeas  qq  pafl^  of  th^oir- 
cuits  in  which  the  light  i«  t]!(|a$mitted  (70) ;  it  02^  th^#f? 
add  nothing  to  the'^laotrt>motivtE),force.  ,BiMi  ia  ^e^p^i^ifa^ 
of  the'  formev  dsBA,  in  whitchi  the  a^id.  is  decQ9)p9sed„  if .% 
action  vpoa  it  be  secDodaiiyi  CS4}i  tile  fluid  pai^t  of  the  pin^ 
formed  as  usual  of  pafftiole^of  n^teriyift  eU^ed  with^^p^l^c^le 
of  acid,  which  gites  mp  «n-&tosn  ^  i|a  o^g^ct t<|/the  jUat dt^ 
of  hydrogen  in  cpiutaot  wiithi  it ;  tandthe.  ftcid,  ;khu&in  p^r^^ 
o3ddized>  supplies  thdf€dc«tF04m$itiine,£ov4^><wbicbvj|i  eig^ef^ 
ments  of  the  lattetf  class  waa  ocnnmkinicated  b^/thie  bycN^ 

90.  Thasie  views  are  oompl|etel}^  in  unison  vritb  maoie)^^ 
fhots  derived  frdta  experimjetat*  ll  is  :W<eU  ikoQwn  to  •aheflust^ 
that  adds  do  not  act  upda  <melak.unlese  they  W^,pit^Tiofldy 
oxidised;  and  that  *  this  Oxidation  is  <tfected  ii^  tho  ipoMti^ 
metris  by  the  detompositioii'of  the.  w^ter  ^v^^wl^ick^/^ 
necessary  the  acid  should  be  ^Utedy  Imd  in  ^he  ne^^c 
metals  by  the  decomposition  of  aipafttc^theacndto  the,9i(^^ 
of  wfaieh  they  are  exposed.  Itid  not  ^w^the's«$teriar  affinity 
of  the  acida  whidi  aite  liniown  to  a<^  npon  •tbi^.negajiare  fibss 
of  itaetals,  tiiiat  entvbiss  them  to>.pi?oKJb«e  tl^  ^Me^  but  itis 
the  power- whmb  aeids  of  this  4e$eripti$n  poli^ss^wtonreor 
d^ed  higUy  negative  by{  ^^eingdipri^of  parjb  of  theior  <W9^ 
{ISSj  I74)ytofa'oduc6  iro£rents.int'a|iJN^)er.dir0etipn  kirew^ 
the  o^ttdation  of  the  metal,  nndet.cirei^imstaoces*  when  from 
^e  negative  stater  of  this  m^teil^  drquitis  teilniflating  with^)^ 
drogm  either^isease  to-  act^  ^filokn  the  ei]^ality  oa ,  the.  electid^ 
feiees,  or  prodnee  duirentsin  an  Q]^K>st4;e  dnrootion,  in  ccaiae- 
quence  of  the  metal  being  negative  to  the  hydrogen.  Tha 
metal,  thereibre^if  the  action  upon  it  be  a  seoonokry  rtsidt 
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(T7  and  note),  is'  stxU'o&idi2!^i%nt^  decDin|^^  tst  thm 

waiter ;  but  the  hydi^«ini^  tfee  dlo^epiP  Hm  eireuitydnibtead  of 
being  iset  kt  Hbetty,  is  eon^^piematedftb  tdie  o^wen  vdliiiqui9bed 
to  tbe  nieiallby  dxvgefn  i^p^Iied  ^mitbe  ocia;  iond^etacid 
thus  deprived  of  a  pdH^<)f 'itgWwen^^bditogifa  this^etateinore 
negative  th^nhydr53^ea;*proidii^eBlEffi'd0c*rD-iiiollvel^^ 
the  tiegatiVe  dasd'of  nietftte/  siWifair  m  direotibni  to  thdb  pro* 
duced  by  hydtogett  ^^v'iUi  the '  positiveiJ«la8B.  lacohfirmatioa 
of  this  statemenl,  the'  okided'  c^silW  ti»djgold  irt  Tewdily  dis- 
solved by  the  sul^huiic^ad'miu^idtio  acids^i  although  these 
adds  have  no  a<5ti6ti U]^  tie  mtetafo  ifli  a:  state  of  purity. 
The  highly  negative  stctte'of  tW^^ide  of  azote,  or  whatever 
other  name  may  be  given  to  the  nitric  aeid*  whendeprivod  by 
these  means^  of  a  part  of  its  ox^g^n,  k'  fiutLer  eoBlfirmed  by 
the  superior  electro^i&otive  for^eepriiidaeed  when  this  acid  forms 
pM  of  the  galvanic  circuit  (9T).  ■  The  nitrie  feeing  one  <rf 
thiosre  acids  which  act  Upon  t;be  K^ative  class  of  metals. 

91'.  It  thus  appears  thkt  tiie  noble  Inetals  dei[ive  their  dis- 
tinkive  character  from^  th^  simpfe  oirc»iika^tance  of  their  being 
negative  to  hydrogen.  Metals -whidi  are  positive  to  hydrogen 
produce*  a  <^rrent  in  loied  'cir^ilitd  formed  by  'water>  from  the 
ftydit)geu  to  the  mbtal'  and  fr<!nfn'  the^kaetako  the^  oxygen,  with 
deco'ihposiiion  6f'the  watier^ttdtbe  udiK»^  ^  Its  oxygen  with 
the  mfetal.  M^tils  which  toe  D^gativ^  to  hydrogen,  on  the 
conttt^,  produce  a  <iurreiit>  or  rfetther  the  deposition  to  do  so, 
in  atr  opposite  direction,  frotoifthci  meifail  to  the  hydrogen ;  the 
tendency  of  which  must  be  tO'inpre«Bei  the  polar  forces  by 
vh|ch  the  water  continues  itd  pigesent  arrangement  (87).  By 
substituting -a  more  wegatiVe  b^y^'such  as  the  oxide  of  azote 
(&0),  for  hydrogen  at  the  cfoeerf  4h0  citcmit^  silver  is  brought 
within  the  class  bf  oxidissable  metals ;  but  gold  and  platina, 
metals  negative  to  silver,  !*equire  still  higher  powers,  which 
w^  probably  given  by  subs^uting  d^<lH:iue  &r  oxygen  at  the 
c^nnmencementof'lhfe^circuit     .     '      * 

92.  Itm^y^b6  0bje«(^ted,thal'we'iiaT^  shown  no  snffidieitt 
ground  {ora^uming^  the  cilettro^molive  £nroe  between.  th«  two 
negative  bodies  aHa  g^eitettaaiEloiEat  thaib  the  d^9ar«ice  of  the 
same  forces  i»?Bii;)gfroi6  theSr  afctiim-upoii  thejwdt^  body 
placed  beliwee]i  tijLMQl,  ifi^'^rriother'^axitof  the  eirbidt.  For 
instance,  if  the  elcJctro^^notive^foirce  of  hydrogen  to  oxygen  be 
6,  and  the  ekcti^'moUve  force  pf  ^o  to  cntygem  5 ;  ahdif  this 
difference  be  pi^uced  by  the  dii&rence  of  tiie  dectncal  ixc&s 
of  sine  and  hydrogen,  ^by  should' the  eiectroHmiitivafbrceQf  t^e 
letter  to  the  lormer  be  greater  thaia  the  ^diffennee  ol  the  action 
ef  the  safme  bodies  npofcL  oxygen  (8&)  ? 

93.  Wd  a^it  the  force  ef  libi$  ob^tion ;  and,  aldiough 
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we  have  an  explanation  of  the  difficulty  arising  from  it  in  view 
(108),  we  shall  for  the  present  take  shelter  under  the  authority 
of  Fourcroy,  by  introducing  an  arrangement  of  his,  in  which 
he  has  made  a  similar  assumption,  under  what  appears  to  us 
to  be  nearly,  if  not  precisely,  similar  circumstances.  In 
treating  of  double  elective  attraction,  he  has  given  as  an  ex- 
ample, sulphate  of  potash  and  nitrate  of  lime.  Sulphate  of 
potash  cannot  be  decomposed  by  either  lime  or  nitric  acid 
separately ;  but  pour  into  a  solution  of  the  former  a  proper 
quantity  of  nitrate  of  lime,  formed  by  the  union  of  the  two 
latter,  and  the  nitric  acid  will  quit  the  lime  to  unite  with  the 
potash.  He  has  added  the  following  table,  in  which  it  is 
assumed,  that  the  attraction  of  sulphuric  acid  for  potash  is  ^, 
the  attraction  of  nitric  acid  for  lime  4,  the  attraction  of  sul- 
phuric acid  for  lime  6,  and  the  attraction  of  nitric  acid  for 
potash  7.     (Fourcroy's  Chemistry,  Vol.  I.  p.  65). 

Nitre,  or  nitrate  of  potash. 


Sulphate 

of 
Potash. 


Potash 

8  quiescent 

Sulphuric  acid. 


■V— 
7 

& 
< 

CD 


Nitric  acid 


Nitrate 


ST  attractions  4z::12  /       of 

03  / 


Lime. 

13 

-A 


Lime. 


Sulphate  of  Lime. 

94.  In  this  table  the  numbers  representing  the  relative 
forces  of  attraction,  as  in  our  own  case,  are  evidently  assumed 
to  render  them  consistent  with  experiment ;  and  in  aU  proba- 
bility the  answer  to  the  question. — Why  is  the  difference  of 
attraction  between  nitric  and  sulphuric  acid  for  lime  2,  while 
the  difference  of  attraction  between  the  same  two  acids  for 
potash  is  only  1  ?  would  answer  the  question.  Why  is  the 
electro-motive  force  of  hydrogen  to  zinc  2,  when  the  difference 
in  their  electrical  states  produces  a  diflference  of  force  towards 
the  oxygen  of  only  1  ? 

95.  The  table,  as  here  constructed,  although  it  shows  a 
balance  of  force  in  favour  of  the  new  arrangement,  gives  us  no 
conception  of  the  manner  in  which  the  forces  that  leave  this 
balance  can  be  brought  into  simultaneous  action.     We  must 
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recollect  that  the  polar  forces  of  the  different  elements  are  in 
contact  in  the  original  combinations ;  and  that  unless  we  can 
destroy  these  forces,  by  establishing  others  in  more  favourable 
positions  for  our  purpose,  the  exchange  must  be  commenced 
under  circumstances  of  great  disadvantage  (66).  The  only 
way  in  which  this  can  be  accomplished,  is  to  bring  the  elements 
into  the  form  of  a  circuit,  in  the  order  in  which  their  predomi- 
nating affinities  for  each  other  will  place  them;  when,  sup- 
posing these  affinities  to  depend  upon  the  electrical  state  of 
the  different  elements,  in  accordance  with  our  theory,  and  that 
the  numbers  representing  their  attraction  for  each  other  is 
also  the  representation  of  their  electro-motive  forces,  a  current 
will  be  established  in  the  circuit  in  a  direction  wliich  will  re- 
verse the  polar  forces,  and  bring  them  into  positions  in  which 
the  new  arrangement  known  to  take  place  must  be  the  neces- 
sary consequence  (63,  102).  These  circuits  are  represented 
in  fig.  86 ;  in  which  the  direction  of  the  electro-motive  forces 
of  the  negative  to  the  positive  bodies  with  which  they  are  in 
contact,  is  shown  by  the  arrow  heads,  and  the  amount  of  force 
by  the  figures  placed  over  them ;  the  general  direction  of  the 
current,  arising. from  the  balance  of  these  forms,  is  indicated 
by  the  large  exterior  arrows. 

f  To  be  continued.) 


LXVI.     On  a  new  Theortj  of  Stratification.  Bj/ Mr.  John 
Leathart,  Mine  Agent.* 

The  progress  of  geology,  like  that  of  many  other  sciences, 
has  been  somewhat  retarded  by  the  tendency  of  the  human 
mind  to  theorize.  It  has  too  often  occmred  that  scientific 
men  have,  without  a  sufficient  groundwork  of  facts,  built  up  a 
system,  beautiful  in  itself,  but  without  that  foundation  in  truth 
which  alone  could  constitute  it  truly  valuable.  Others, 
adopting  these  theories,  before  they  have  had  sufficient  oppor- 
tunities of  investigating  facts,  have  been  led  by  the  prejudices 
thus  imbibed,  to  take  a  one-sided  view  of  whatever  facts  might 
be  afterwards  presented  to  their  observation,  and,  instead  of 
adapting  their  theories  to  nature,  have  endeavoured  to  distort 
nature  so  as  to  accord  with  their  theories. 

Having  worked  many  years  as  a  practical  miner,  before  my 
attention  was  directed  to  scientific  pursuits,  my  mind  was 
stored  with  a  variety  of  facts  before  my  judgment  had  been 

*  Communicated  by  William  Norris,  Land  and  Mine  Surveyor, 
4,  Arundel  Street,  Strand,  London. 
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waorped  by  the'  adbpckm  of  toy  particular  iheiiry^ii  And  no 
sbimer  bad  I  b^guh  to  study  the  SoieDcebf  gtdiogfi  ikad  i< 
was  struck  ^ith  what  ajppeareA  ta  nm  ihaay  itrarxpiibable  dis^ 
cr^lk^s  between  -the  bjipeazaaoei  of  tnatiireaiia the  fheoncs* 
of Geotogistb.'  '  ^    ■         .,    i   ,,  ,.      ■ '-    •    'i    r.  : 

The  strata  in  Alston^ mocbr  and  the  >neigbbenring  iBiomg 
distriets,  to  which  my  pdtacmitl'Dbseryatioiis' Hirare  a^(lst 
entirely  confined^  toe  of  the  ^seooikihry  faamntiony  and'  considtB 
of  numerous  alternations  of  Itme^oe^  aDgeUaceoi^  .falate  tt 
plate,  and  siliceous  rocki^  Acooiidhigto>>oiia.thftdiry)  I  w&8^ 
believe  that  the  superposition  of  these  altranattng*  beds  d 
rock,  in  the  certain  and  deitqrminate 'Order^in*  "which  they  iiie 
found,  has  been  the  tmmediatie  result <jf'Suei^es6i^^dep6sitrooiB' 
from  water.  According  to  another^  I  woe  tbtuadbcibkndtiukt 
these  strata  had  be^n  coii3(didated  £ropi  Idose  saoid  or  mndbjr 
an  intense  heat  from  the  intefidr  o£'thfB!earth«  '  " 

That  the  various  materials  oomposipg)  these  locika  mighi; 
have  been  held  in  sn^nsKn  by  the  wtatars  bf  tUo^aa  whfle 
in  a  state  of  violent  agitat^oa^  aild.migibta£terwalxl0hat\pebe6ilt 
deposited  when  the  watersi  assumed)  at  moii^  quipsoeat  ;state^  li 
was  ready  to  admit;  b«t  h(^;  ia'3./merem»(ihv9neatd^pmiii(mf 
the  materials  of  oUe  strattint  should  Ibrst  be  depoBfted^withotflq 
admixture  of  particles  ofthe  seoondy^  and  .the^  serobdninliliiBe/ 
manner  withoiit  admixture 'of  the  i^hird,  iiwasftt  «*ulqBSit0 
understand ;  nor  was  I  iawave  of(  >iAy  faottin  the^  ^wkaliyibiittgf 
of  experimental  philosopby  which  ^ebded-<tajelaeiddte.thit 
point*  *   '  •  *     '  ''  •'.,''■     <■    M     »  'i  T ,,  ^^- 

Ndr  had  I  ever  observ^edrany  ai^)e^tcanoei^whiditaemed)tl)P 
indicate  the  opeiationd  of  that' heat,  which 'aoooordhiig  ttDdbtkei^ 
philosoi^ers  had  'effected  the  ocbnsolidHitioi^  trf  tJ&ess  rbbksl  ^  ^ ! 

The  very  detfiikite'divJ9idnswhi€hiexJstb^t\^den  one  strtrt;inDr 
and  another  appeared  to  me  quite  different  from  what  loight 
have  been  ex][^ected  to  be-form/ed  in^a  don^itiuouls  denosimii 
from  Water.  The  ^oourren^fe  'of  noduHee  cf^  iron  iore  in^eiay 
and  coal  strata^  and  ^aik  tii  ffinbs^^  pifeeentbd  ^another-' tHfiU 
culty ;  fbr  ktdther  their  in t^iial  stmcttdie^  nobr  thcfpromifcti^ 
manner  id  'whic^ttbey  are'  disjpeis^  fould^ll  tfaboj^ty  be 
accountedforuad^r  th^  idea  olarjdepo^tion  front 'WateJEr;  ^^  p 
-For  sevebrdlyiears,  T  studied  with  at  ^tr^ngpredhsposidSif' to 
recdncilev '  if 'piossible-,  'thi^e < aiid  tnanjr >  other ' diserejpiiioiesib^ 
tween'thero^tabl'jJbenomi^na^of'shratificwtioisdii^^  ihti^obsehrved^ 
la#s  df  (TtteihaBkal  deposilicm- frciiri>waterv  !fiut>nclidtqpli^< 
obser^atidns  ^eemjd  odI^  to  inoki^ly  diffioulii^d j  ond  I  beeiitoib 
cohvinffied'tfaat^thle  tarue  theoar^  t^  stratifieatiim  ikBd^Aot^fst^ 
bee»7n:omulgated,.  nor ^tould  I  'atrthai  tinald  adrradce-any  bierr 
satis&ctoryiiypothesis  of  I9yolwm^  ^r  \i  ^   ,    •;      ,.h.Hj<'*I 
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I  ion^quQiitly'gavdiU^ptth^  studytof  staratifioatioilinidcfipiuir' 
of  beniigable't(>find>€iT)Cocstrndb  a^fheory  whtpli 'wbtiMlaooovd 
with  my  ob^erratdoas  ofifatcta:  ibmb^  uqj  the'yea!r  1830,'  bemg 
^igaged  m!  tbe  8tiidrf<<if  gal^ankuBi'  I;  fouhd  it  rdmlark^  that 
many  other  substances  besides  inet£Lls  would,  when  p&led^in 
cdtemate  layers^' develop  olebtiacalaotioDj''  '  • 
'  It  appeared  tomey  then,  th^  aff  th^  strata  consisted  of  ralter^ 
natiBg  hbAsh  or  layers )iofidEiiBreiit  materiala .  piled  >on  each 
other^  tiiey  mig^  form  an  specific  of  ^Ivoiiic  battein^^  and  a 
developAientof  tgah^aoUQ  .adion.^igkt  be.  produded  in  tbem> 
pax>vid«dtJEkere>were^fo<iiQd[>td'exisltsoine medium  uniting  the 
exitareimties  of '  these  eiK^lBons*  pileis  ^  and  mineral  reins^ 
deM20iidi]ig\&oift  ihe  Burfadeitoiaa  ilnmense  depths  'and  being 
umikily  filled  -  wdth*  soanel  of  £lai&  i  mote  p^rfeot  conductors  of 
electricity,  ^ippeaired  to  preis^att  at  {sufficient  means  of  usiitiog 
the  superior  and  inferior  pbles  of  ^  these  rocky  piles  j  and  thereby 
bringing  their  dbdtric  power  into  'operation. 

Piirsding  th^.std>jaetMiurther.iii  detail^  I  was  led  to  ccmelude 
that  eaok^s^istinn^  aeo<Ading>ta  it»  position  m  the  pile,  must 
pbsaesanitdowB  peoddar  eledtriotG<mdition^  axkd  that,  were  any 
two '^OQi^gtious  strata  in  \anypart  v£  tbeeeriea  to  hare  their 
piisittOBS^rereivaedt,  4he  elebbic{ieoiiditio&  of  *  tbe  whole  series 
leduld/ibd'idevajigsd.  l)  Alsbyxthat  i£ithie  matemals  of  any  two 
(sutigilous  Mrata/ii  .inylpartuofotheiiseriEis.  should  become 
m^Bgledtog^etheti  atom  fqr  atotn  so*  as  t6  form  a  homogeneoua 
jSMi$,  ^ds^  iatdms)iofl'eiDcfa  isto^atiim  Telb|dBaikgi\th^'Oivn  el^ctri^ 
cal  condition,  it  appeared  reasonable  to  conclude  that  the 
electrofonotive  action:  of  tl^e  /  superior"' and  ^iisferior  strata 
bounding^  thfil>miK«d.tnass  wouM^caiuse  the  laioms  composing 
it  to  bfiid(niwa>'6r  feittraoted  to  tkekrinetpdcdlpe  tj^air  positions, 
anditiiat  itiwauld4htts  be  re^co]iYer4)ed  into: distinct  zones  or 

StOtataj    ^..f'  V     f-Ml    '  "«'I    .  M        );■■•.<.!     ■         , 

I  ThjBDTi  >if  4iy^'theneleotrofimatire  tpoVrevs)  of  the  strata  the 
atomsicf  any dnteilposed'tnassrof  the  mixed  materials ^simi* 
laart'^atii;oaidd-be'«ekptedi  atidiicair£i^  tto  their. respective 
jHileiT'^pcaitiqBsv>  it>might(  nesisotmblsr  .be  «aonoluided  that  tha 
9aalie'^cctwoild'bfi>prxldnceql^ib  the  case  ofitofr^tkermised 
mass  of  auBateoriab  nKhic^rfsda]^  be  iBtei^posed  bet/ween  smrfacea 
ia.  diffident  dlaotrieal^totesip  <  and  igenardlly^  tbab  if  any  mdss 
of<iiB»edHip«tm)Eila^»€i[)mpQ8ed  6fi!paptLd)esaiiia^djffereat.eleo^. 
ttotcalNediidiliQnvi  bet(initier|tejaed<sD)  as  itoi  oon^iitei  atcoicidnetor 
lfa^i^e0iL'tivoi8ti^ces'in/aiffienenir>dbctri^  partieles* 

ofiAhe nidsajwiU'belsepiutet^  land  ^kirbedyiTespeotively,  'On 
tlu^sav&ciBsiiiiaji  tos^posite  iBde<;tried}  statet^'th^imBr;  the 
mixed  mass  hmkg  mat  foiimedfiiito'distimct  stjrata>r  miore  or 
less  perfect,  according  to  then  energy  df  tbe  •^leotoife  /action* . 
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When  the  particles  have  accumulated  on  the  polarizing 
surface  to  a  certain  thickness,  the  electro- motive  action  witt 
be  neutralized  (as  occurs  with  a  galvanic  battery),  and  the 
flow  of  particles  will  cease ;  then  the  stratum  thus  formed  will, 
in  its  turn,  become  the  electromotor  in  polarizing  other  pep- 
tides of  the  mixture,  which  are  in  ^  different  electrical  state: 
this  alternating  operation  being  repeated  until  the  whole  of 
the  mixed  materials  have  been  separated  into  distinct  zones, 
thus  forming  an  alternating  series  of  strata. 

Now,  in  the  case  of  a  quantity  of  sand  or  mud  deposited  at 
the  bottom  of  the  ocean  we  have  the  above  conditions  exem- 
plified; for  there  is  a  mass  of  mixed  materials  between  two 
surfaces  (the  ocean  and  the  solid  earth)  in  different  electrical 
states,  and  if  our  suppositions  be  correct,  such  a  mass  would, 
by  the  electric  action  of  those  surfaces,  be  separated  into 
distinct  layers  of  the  different  materials  composing  it,  that  is, 
would  be  stratified.  The  degree  of  solidity  and  the  texture  of 
the  strata  might  be  expected  to  vary  according  to  the  thickness 
of  the  mass  deposited,  the  intensity  of  the  electrical  action,  &c. 

Such  is  an  outline  of  my  views  with  regard  to  the  stratifica- 
tion of  the  earth.  'I'hese  opinions  were  formed  from  pure  reason- 
ing, and  dwelt  in  my  mind  for  some  years  before  I  attempted 
to  verify  them  by  experiment.  The  following  is  a  brief  account 
of  some  experiments  instituted  with  a  view  to  test  the  accuracy 
of  my  conclusions. 

Experiment  1.  was  performed  with  28  pairs  of  cylindrical 
plates  of  copper  and  zinc.  The  copper  plates  having  a  surftce 
of  about  nine  square  inches,  the  zinc  about  six  square  inches. 
These  plates  were  placed  in  jars  containing  a  fluid  composed 
of  ii  of  water,  and  ^^^  of  muriatic  acid.  I'he  materials  operated 
on  were  limestone  and  sandstone,  reduced  to  a  fine  powder, 
thoroughly  mixed  and  made  into  a  paste  with  water.  This 
mixture  was  put  into  a  glass  tube,  half  an  inch  in  diameter, 
and  an  inch  and  a  half  in  length.  Metallic  discs^  fitting  the 
bore  of  the  tube,  having  been  soldered  to  the  ends  of  the 
connecting  wires  of  the  battery,  were  inserted  so  as  to  con- 
stitute the  materials  in  the  tube  a  part  of  the  connection 
between  the  poles  of  the  battery.  The  experiment  was  con- 
tinued until  the  battery  became  null,  and  the  result  was  a 
decided  appearance  of  stratification,  although  the  separation 
of  the  ingredients  was  very  imperfect.  The  materials  ope- 
rated upon  were  firmly  united,  especially  towards  the  cenfa*e, 
and  adhered  to  the  glass  so  strongly  that  it  was  impossible  to 
separate  them  without  breaking  it. 

Considering  that  the  operation,  as  performed  by  nature, 
must  be  more  slow  and  gradual  than  that  in  the  above  experi- 
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ment,  I  resolved  in  future  to  use  common  spring  water  instead 
of  the  acidulated  water ;  and  in  all  my  experiments  performed 
since^  I  have  used  water  only  as  an  exciting  fluid. 

Experiment  2.  The  battery  used  was  the  same  as  before, 
excepting  the  fluid.  The  materials  operated  upon  were  a  mix- 
ture of  pounded  limestone  and  argillaceous  shale.  The  action 
was  continued  eight  days,  at  the  end  of  which  time  I  ex- 
tracted the  mass  from  the  tube.  The  separation  was  more 
perfect  than  in  the  first  experiment,  but  there  was  less  con- 
solidation ;  the  materials  easily  crumbling  into  powder.  This 
I  attributed  to  the  limited  time  during  which  the  action  was 
continued. 

The  limestone  was  collected  on  the  negative  or  zinc  end  of 
the  battery,  and  the  shale  on  the  positive. 

Experiment  3.  The  materials  operated  on  were  limestone, 
sandstone,  and  argillaceous  shale,  pounded  and  mixea  as 
before. 

In  ten  days  a  very  distirict  though  not  an  entire  separation 
was  effected,  the  limestone  occupying  the  negative  end,  the 
shale  the  positive,  and  the  sandstone  being  collected  in  the 
centre.  The  induration  of  the  limestone  and  shale  was  but 
slight.     The  sandstone  was  much  more  compact  and  solid. 

These  experiments  were  repeated  a  number  of  times,  With 
very  little  variation  in  the  results :  but  I  found  that  the  ope- 
ration was  impeded  for  want  of  moisture,  the  water  used  in 
mixing  the  materials  being  decomposed  in  a  few  days,  after 
whidi  the  progress  of  the  experiment  was  scarcely  percep- 
tible. 

To  obviate  this  I  had  holes  drilled  through  the  tubes, 
through  which  I  was  enabled  to  supply  the  mixture  with  water; 
after  which  the  results  of  my  experiments,  both  as  regards  the 
separation  and  induration  of  the  materials,  were  more  satisfac- 
tory than  before. 

Fompwardsof  six  months,  during  the  latter  part  of  the 
year  1836,  1  had  two  and  sometimes  three  batteries,  of  from 
twenty  to  thirty  pairn  of  plates  each,  operating  on  different 
rocky  mixtures. 

The  success  of  the  experiments  varied,  but  the  results 
generally  were  such  as  stated  above ;  tending  most  decidedly 
to  confirm  me  in  the  opinions  I  had  formed  with  regard  to  the 
stratification  of  the  earth. 

In  the  course  of  my  investigations,  a  variety  of  curious 
phenomena  presented  themselves,  illustrative  of  important 
facts  in  the  science  of  geology. 

It  may  be  proper  to  state  that  the  position  in  which  the 
tubes  are  placed,  has  no  influence  on  the  results,  fi)r  I  have 
Vol.  II.— No.l2.~/?/we,  1838.  2K 
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placed  them  in  every  position^  from  the  horizontal  to  the  ver- 
tical, without  being  able  to  perceive  that  the  experiment  was 
at  all  affected  by  the  change. 

My  views  are  not  confined  to  the  stratification  of  the 
secondary  rocks,  but  extend  to  the  other  formations  and  to 
the  undulations  of  the  earth's  surface.  These  I  cannot  enter 
upon  in  this  communication,  but  will  be  happy  at  some  future 
time  to  explain  more  fidly  the  details  of  a  system  which  will 
give  a  more  simple  explanation  of  many  complicated  geologi- 
cal phenomena,  and  present  a  more  harmonious  union  and 
identity  of  cause  in  the  operations  of  nature  in  the  animal, 
vegetable,  and  mineral  kingdoms,  than  has  hitherto  been 
attempted.* 

JOHN  LEATHART. 

Alston,  Cumberland, 

LXVII.  On  Mr.  Robert  Were  Fox's  Theory  of  the  Elec- 
trical Origin  of  Metalliferous  Feins.  By  M.  Becqubrel. 
(Traite  Experimental  de  V  Electricity  ct  du  Magn^tisme. 
Vol.  V.  p.  167,  174;. 

Translated  by  Mr.  Thomas  Henwood.+ 

Mr.  Fox  remarks  that,  if  we  consider  the  electrical  rela- 
tions of  the  different  metallic  ores,  in  a  geological  point  of 
view,  we  observe  that  almost  all  those  which  are  geoerally 
associated  in  the  same  veins,  agree  in  the  particular,  that 
their  reciprocal  voltaic  action  is  generally  very  slight.  Hence 
he  infers  that  if  it  were  otherwise,  the  appearances  of  decom- 
position, in  the  same  locality,  would  be  much  more  general 
and  decided  than  they  are  found  to  be.  He  remarks  also  that 
when  copper  pyrites  and  vitreous  copper  ore  form  a  voltaic 
combination  with  pure  or  spring  water  the  electro-magnetic 
effects  are  considerable.  We  would  merely  observe  that  Mr. 
Fox  appears  to  be  ignorant  that  the  electro-chemical  effects 
produced  in  the  contact  of  two  solid  bodies  and  a  liquid, 
depend  solely  on  the  chemical  relations  of  their  constituent 
parts  and  must  frequently  vary. 

Let  us  now  come  to  the  researches  of  the  same  gentleman 
on  the  electro- magnetic  properties  of  the  metalliferous  veins 
of  Cornwall,  in  which  he  has  been  engaged  for  the  last  six 
years. 

*  We  shall  at  all  times  be  very  happy  to  place  Mr.  Leathart's 
experimental  labours  and  theoretical  views  before  the  readers  of 
these  Annals.     Edit. 

+  Communicated  by  W.  J.  Kenwood,  Esq. 
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The  apparatus  which  he  has  used  in  examining  these  pro- 
perties, is  composed  of  small  plates  of  copper  fixed  with  iron* 
nails,  or  pressed  strongly  by  means  of  wooden  stays,  on  the 
portions  of  the  veins  submitted  to  experiment,  and  put  in 
communication  with  the  two  extremities  of  the  wire  of  a 
multiplier,  with  short  wire  and  with  needles  of  which  the 
directive  forces  were  not,  compensated. 

Mr.  Fox  says,  he  observed  with  this  apparatus  the  follow- 
ing effects :  the  intensity  of  the  current  varies  according  to 
the  localities;  sometimes  the  deviation  of  the  magnetized 
needle  is  slight,  sometimes  it  is  very  considerable ;  in  gene- 
ral, it  is  the  greatest  when  the  vein  contains  a  greater  quan- 
tity of  copper,  and  perhaps  even  from  the  depth  of  the  sta- 
tions. He  adds  that  there  is  no,  or  scarcely  any,  action 
perceptible  where  there  is  but  little  metallic  substance. 
Where  there  is  a  distance  of  but  a  few  fathoms  between  the 
plates,  in  a  horizontal  direction,  and  also  a  large  quantity  of 
copper  not  interrupted  by  non-conducting  substances,  there 
is  no  action;  but  if  there  be,  by  chance,  quartz  or  clay  in  the 
vein,  the  action  is  generally  very  decided. 

When  the  two  plates  are  placed  at  different  depths  in  the 
same  vein,  or  in  different  ones,  the  electrical  action  is  in  general 
very  evident;  the  electric  currents  are  sometimes  in  one 
direction,  sometimes  in  another.  In  comparing  parallel  veins, 
he  thinks  he  has  remarked  that  positive  electricity  takes  a 
direction  from  north  to  south,  although  in  some  cases  he  has 
observed  the  contrary.  In  veins  dipping  towards  the  north, 
the  east  is  generally  positive  and  the  west  negative.  He  has 
found  in  comparing  the  relative  states  of  veins  at  different 
depths,  that  the  lower  stations  appear  negative  in  relation  to 
those  above  them.  He  has,  however,  found  some  exceptions, 
particularly  when  a  cross  vein  of  quartz  or  clay  intervenes 
between  the  plates.  There  is,  therefore,  no  regular  order  in 
the  direction  of  the  currents. 

If,  indeed,  there  were  a  progressive  increase  of  negative 
electricity  as  we  descend  in  the  mines,  this  phenomenon 
would  agree  with  the  progressive  elevation  of  temperature. 
The  electrical  effects  are  not,  according  to  his  account,  influ- 
enced either  by  the  presence  of  the  workmen,  their  lights,  or 
by  the  explosion  of  gunpowder,  &c. 

All  substances  that  form  part  of  metalliferous  veins,  are  far 
from  possessing  the  conducting  powers  necessary  to  allow 

♦  Nails  were  not  very  often  used,  but  those  that  were,  were 
always  of  copper.    W.  J.  H. 
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the  passage  of  currents  transmitted  by  the  metallic  portions. 
He  classes  (as  we  have  seen)  among  conductors  the  ores  of 
copper  nickel,  copper  pyrites,  vitreous  copper  ore,  iron  pyrites, 
arsenical  pyrites,  galena,  arsenical  cobalt,  the  crystallized 
peroxide  of  manganese,  and  fahlerz:  among  the  non-conduc« 
tors,  he  places  the  sulphurets  of  silver,  of  mercury,  of  anti- 
mony, of  bismuth,  of  arsenic  (realgar),  of  manganese,  and  of 
zinc,  the  combinations  of  the  metals  with  oxygen  and  the 
acids. 

Mr.  Fox  assures  us  he  has  discovered  that  the  Cornish 
rocks,  the  beds  of  clay- slate  appear  to  possess  the  property 
of  conducting  electricity  in  a  slight  degree,  but  only  in  the 
direction  of  their  cleavage.  This  effect  can  be  attributable 
only  to  the  water  interposed. 

With  regard  to  the  electric  properties  of  metalliferous  veins, 
he  observes,  that  substances  which  conduct  electricity,  have 
generally,  at  least  in  this  County  (Cornwall),  non-conducting 
substances  interposed  in  the  veins,  between  the  conductors 
and  the  surface.  He  cites  the  veins  of  tin,  which  are  gene- 
rally intersected  by  those  of  copper.  When  they  do  not 
coincide  in  their  horizontal  directions,  the  conducting  veins 
traverse  those  that  are  not  so. 

Mr.  Henwood,  who  has  been  more  recently  engaged  than 
Mr.  Fox  in  examining  the  electric  currents  in  the  mines  of 
Cornwall,  has  stated,  that  the  veins  on  which  they  are  worked, 
traverse  both  the  granite  and  the  micaceous  (slate)  rocks ; 
that  they  are  principally  composed  of  quartz  and  other  earthy 
minerals,  mixed  in  many  places  with  copper  pyrites,  iron  py- 
rites, vitreous  copper  ore,  oxide  of  tin,  blende,  galena,  with 
mixtures  in  small  quantities  of  native  copper,  protoxide  and 
carbonate  of  the  same  metal,  and  some  of  the  salts  of  lead. 
At  the  greatest  depth  the  temperature  of  the  micaceous  (slate) 
rocks  is  two  or  three  degrees  higher  than  that  of  the  granite 
at  the  same  level. 

In  many  very  deep  mines,  the  water  contains  salts  in  various 
quantities  ;  among  others  the  chlorides  of  calcium,  of  sodhim, 
of  magnesium,  &c. 

Mr.  Henwood  has  employed  the  mode  of  experimenting 
already  described.  The  metallic  plates  were  placed  at  dis- 
tances varying  from  a  few  feet  to  many  hundred  feet,  at  the 
same  depth,  and  at  different  depths. 

The  results  have  been  the  same  whatever  the  direction  of 
the  veins  might  be.  In  those  which  only  produced  tin,  and 
in  many  which  afford  copper,  no  traces  of  a  current  were  per- 
ceived, except  in  some  cases  where  the  intermediate  space 
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was  filled  with  rich  copper  ore.*  The  presence  of  electricity 
was  more  decided  when  the  vein  contained  copper  pyrites, 
vitreous  or  black  copper  ore,  galena,  or  blende  ;  it  was  not 
detected  when  there  were  no  metallic  substances  exposed. 
Some  veins  contained  copper  pyrites,  grey  copper  ore,  and 
galena ;  others  carbonate  and  phosphate  of  lead,  and  grey 
copper,  which  exhibited  no  traces  of  electricity. 

Itappears  that  Messrs.  Fox  and  Hen  wood  have  not  remarked 
the  relations  between  the  directions  of  the  veins,  and  those 
of  the  currents.* 

In  experiments  where  they  have  connected  portions  of 
metalliferous  veins  at  dififerent  levels,  the  currents  have  in 
thirteen  cases  been  upward,  and  in  thirty -five  instances 
downward. 

In  thirty- six  observations  the  currents  have  been  towards 
the  granite,  and  in  twenty-one  others  it  has  taken  an  opposite 
direction. 

We  do  not  know  whether  Messrs  Fox  and  Henwood  have 
sufficiently  guarded  against  all  the  sources  of  error  which 
present  themselves  when  we  seek  to  prove  the  existence  of 
electro-elM'mical  currents  by  means  of  a  multiplier.  The 
results  which  they  have  announced  are  so  important,  in  rela-^ 
tion  to  the  electro-chemical  reactions  which  operate  in  veins, 
that  we  must  examine  them. 

To  enable  the  reader  to  judge  and  to  appreciate  the  accu- 
racy of  Mr.  Fox's  mode,  we  will  remind  him.  that  when  two 
plates  of  platina,  connected  with  the  extremities  of  the  wire 
of  a  multiplier,  are  immersed  in  distilled  water,  a  current  is 
immediately  produced  by  the  diflference  of  the  actions  which 
the  water  exercises  on  foreign  bodies  adhering  to  the  surfaces 
of  the  plates.  This  effect  almost  iav^riably  takes  place  when 
the  precaution  is  not  takei^  to  remove  the  foreign  substances 
which  adhere  to  the  surface  of  the  platina  when  we  remove 
the  plates  out  of  the  water.  If,  instead  of  platina,  we  use 
copper,  the  current  is  still  more  apparent,  a^  the  surfaces  are 
not  the  same,  and  the  water  does  not  equally  afifect  th^m. 

Now,  Mr.  Fox,  in  his  experiments,  has  used  plates  of  copper, 
which  he  has  fixed  on  the  metalliferous  veins  with  iron  nails^ 

*  Some  misprint  or  misapprehension  appears  to  exist  in  this 
passage,  as  the  table  on  page  171  clearly  gives  the  directions  of  the 
veins.  The  purport  of  trie  paragraph  should  be  "  in  all  those  pro- 
ducing tin  ore  alone,  and  in  many  which  afford  copper,  and  in  most 
cases  where  there  was  a  continuous  mass  of  copper  ore  between  the 
points  examined,  no  electricity  was  detected.  In  some  instances, 
nowever,  where  all  the  intervening  space  consisted  of  rich  copper 
ore,  most  energetic  action  was  detected."  Annals  of  Electricity ^ 
Vol.1,  p.  127.     W.J.  H. 
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or  pressed  them  by  means  of  wooden  props.  These  two 
plates  were  connected  with  the  multiplier  by  means  of  a  cop- 
per wire. 

Might  it  not  happen  that  the  water  which  adheres  more 
or  less  to  the  sides  of  the  galleries  of  the  mine,  and  which 
do  not  every  where  contain  the  same  salts,  have  the  same 
effect  on  the  copper  as  in  the  experiment  just  mentioned  ? 
It  were  to  be  desired  that  Mr.  Fox  should  make  his  experi- 
ments on  parts  of  conductors  of  electricity  which  are  per- 
fectly dry ;  the  objection  which  we  have  just  made  would 
then  fall  to  the  ground.* 

It  is  true  Mr.  Fox,  who  has  experimented  with  plates  of 
copper  and  of  zinc  alternately,  has  observed  in  both  cases  the 
direction  of  the  current  was  the  same  ;  the  result  is  so  far 
favourable  to  his  opinion,  but  it  is  not  sufficient  to  demonstrate 
the  fact  completely. 

In  order  to  show  in  what  manner  electric  currents  have  acted 
and  are  still  acting  on  metalliferous  deposits,  some  persons 
have  recently  advanced  that  the  veins  have  been  filled  by  the 
action  of  electric  currents ;  but  it  is  only  necessary  to  study 
the  manner  of  filling  these  mineral  deposits  to  reject  such  a 
theory. 

We  know  that  veins  are  fissures  which  exist  in  most  of  the 
rocks  composing  the  crust  of  our  globe,  and  which  are  filled 
with  metallic  or  stony  substances.  Opinions  are  divided  as 
to  the  manner  in  which  this  was  effected ;  some  say  by  igneous, 
others  by  aqueous,  action.  Werner  was  of  the  latter  opinion. 
According  to  this  celebrated  Geologist,  the  substance  oiP  which 
mountains  are  composed  was  moist  and  yielding,  afterwards 
as  it  settled  and  dried,  fissures  were  formed  which  were  filled 
from  above  by  matters  which  had  been  dissolved ;  but  as 
there  are  some  veins  which  appear  to  have  been  filled  from 
below,  we  must  admit  their  having  been  filled  by  sublimation. 
Hutton,  who  is  the  great  advocate  of  the  igneous  theory,  sup- 
posed the  internal  heat  of  the  earth  so  great  as  to  melt  and 
vaporize  the  metals  and  earths,  which  from  their  expansive 
force  have  produced  fissures  in  the  solid  crust  of  the  globe, 
through  which  they  have  escaped,  and  in  solidifying  have  thus 
given  birth  to  the  crystalline  rocks ;  thus  he  accounts  for  the 
formation  of  large  trap  dykes  which  traverse  the  strata  of  all 
ages. 

Taking  this  view,  veins  have  been  opened  by  elevatory 
forces  and  filled  from  beneath  by  sublimation,  and  from  above 

*  It  is  very  seldom  that  perfectly  dry  surfaces  can  be  found. 
They  were  so  (except  from  the  dampness  of  the  atmosphere)  when 
the  existence  of  a  current  was  detected  in  the  (N  and  S)  vein  of 
Levant  Mine,     W.  J.  H. 
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by  substances  which  have,  by  various  causes,  been  destroyed 
and  removed  from  the  surface,  and  which  in  the  veins  have 
remained  unaffected. 

All  the  facts  hitherto  observed  induce  us  to  believe  that 
we  cannot  admit  one  of  these  hypotheses  to  the  exclusion  of 
the  other,  as  each  of  the  supposed  causes  may  have  operated, 
according  to  circumstances,  in  the  filling  of  veins  of  various 
descriptions.  Geologists  consider  it  certain,  that  the  veins 
which  contain  the  debris  of  rocks,  constituting  the  upper 
strata  of  the  country  which  they  traverse,  and  organic  remains, 
have  been  filled  from  above ;  but  it  is  very  different  with 
veins  which  are  connected  with  the  contiguous  rocks  by 
gradual  mineral  transitions.  In  this  case  we  are  compelled 
to  admit  that  the  formation  of  the  rock,  that  of  the  vein,  and 
its  filling  up,  have  been  almost  contemporaneous.  On  the 
other  hand  when  we  see  crystallized  masses  of  different  sub- 
stances in  the  middle  of  rocks  equally  crystalline,  surrounded 
by  them  on  all  sides,  in  such  a  manner  that  it  is  impossible 
to  say  they  have  ever  been  introduced  into  the  cavities  which 
they  fill,  either  from  above  or  beneath,  we  are  compelled  to 
consider  the  vein  as  in  some  cases  a  fissure  in  the  middle  of  a 
crystalline  rock,  filled  by  substances  afterwards  introduced 
in  a  state  of  solution,  and  varying  more  or  less  from  the  nature 
of  the  rock  itself,  as  the  solution  was  more  or  less  saturated. 
There  is  another  mode  of  filling :  and  it  is  that  which  has 
produced  the  veins  which  contain  metallic  sulphurets  de- 
posited in  crystalline  groups,  standing  out  on  all  parts  of  the 
vein,  and  all  readily  decomposed  substances  in  aqueous 
solutions,  such  as  the  sulphurets,  the  metallic  arseniurets, 
which  will  not  sustain  an  elevated  temperature  without 
decomposition,  unless  the  action  be  under  the  influence  of  con- 
siderable pressure.  It  therefore  appears  to  be  almost  certain 
that  all  veins  have  not  been  produced  by  one  general  cause 
alone,  and  that  many  influences  have  sometimes  concurred  in 
their  formation. 

It  follows,  from  the  rapid  sketch  which  we  have  just  pre- 
sented of  the  state  of  our  knowledge  of  the  constitution  of 
veins,  that  it  is  impossible  to  admit  that  the  fissures,  which 
have  at  different  times  opened  in  the  rocks,  have  been  filled 
by  substances  conveyed  thither  by  terrestrial  electric  currents; 
as  these  currents  exert  no  chemical  action  except  where 
there  are  solid  conductors  and  liquids  capable  of  reacting  on 
each  other ;  now  the  rocks  are  not  conductors  of  electricity, 
and  solid  bodies  can  only  be  metallic  combinations  which  did 
not  exist  at  the  period  when  these  fissures  were  produced,  we 
must  therefore  admit  that  other  causes  than  electric  currents 
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have  filled  these  openings.*  The  filling  up  once  effected, 
whether  partially  or  entirely,  and  the  water  coming  from  the 
contiguous  rocks,  electric  currents  would  then  interpose  and 
give  birth  to  new  combinations. 


LXVIII.     On  the  primitive  colours  of  light.     By  Paul 
Cooper,  EsQ.f 

In  a  series  of  papers  on  the  composition  of  white  light, 
published  in  the  Records  of  General  Science,  I  endeavoured 
to  show,  and  I  think  successfully,  that  red,  green,  and  violet, 
are  the  only  primitive  colours  ;  that  red  and  green  form  yellow ; 
that  violet  and  green  form  blue ;  and  that  red  and  violet  form 
crimson.  "  No  shade  of  colour  can  be  formed  of  more  than 
two  of  the  primitive  colours ;  for  the  moment  the  third  is 
added,  its  complementary  colours  form  white  light  with  it, 
and  they  disappear  together,  leaving  the  colour  or  colours 
which  happen  to  be  in  excess,  diluted  with  the  white  light 
thus  formed.  It  is  upon  this  principle  that  when  blue  and 
yellow  are  superposed,  green  makes  its  appearance:  there 
being  a  surface  of  this  cdour  combiiied  with  violet  to  form 
the  blue>  and  another  surface  combined  with  red  to  form  the 
yellow  ;  a  mixture  of  the  two  colours  must  necessarily  leave  a 
surface  of  green  in  excess."     (Vol.  II.  p.  31.) 

In  the  course  of  numercms  experiments  made  for  the  purpose 
of  elucidating  this  subject,  I  discovjered  that  yellow  glass  of  a 
deep  shade,  inclined  io  orange,  is  nearly  opaque  to  violet  light ; 
that  the  light  admitted  by  it  through  a  narrow  aperture, 
analysed  by  viewing  it  through  a  prism,  consists  of  only  two 
colours,  green  and  red ;  and  that  when  the  spectrum  in  any 
stage  of  its  development  is  viewed  through  it,  the  violet 
disappears  and  the  blue  is  converted  to  green.  This  experiment 
may  be  made  by  viewing  an  object  at  some  distance  through 
a  prism,  so  as  to  produce  a  considerable  breadth  of  blue  and 
violet  light,  and  by  occasionally  interposing  one  of  these  glasses 

♦  In  the  Annual  address  to  the  Geological  Society,  delivered  by 
the  President,  the  Rev.  W.  Whewell,  M.A.,  F.R.S.,  on  the  16th  of 
February,  1838,  when  speaking  of  Mr.  Fox's  theories,  he  says 
''  the  discovery  of  the  causes  of  the  forming  and  filling  of  metaluc 
veins,  one  of  the  earliest  subjects  of  geological  speculation,  will 
remain  probably  as  a  problem  for  its  later  stages,  when  our  insight 
into  the  laws  of  slow  cnemical  changes  is  far  clearer  than  it  is  at 
the  present  day."  The  electrical  theory  seems  in  not  much  higher 
favour  with  Mr.  Whewell  than  with  M.  Becquerel.  W.  J.  H. 

f  Communicated  by  the  Author. 
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either  before  or  behind  the  prism.  The  sudden  disappearance 
of  the  violet  light  and  the  conversion  of  the  blue  to  green 
upon  the  interposition  of  the  yellow  glass  produces  a  striking 
and  beautiful  eiFect.* 

These  experiments  were  brought  to  my  recollection  by 
reading  the  article  on  the  Analysis  of  Solar  Light  in  the  last 
number  of  the  Annals.  Chemical  action  is  known  to  be 
produced  by  the  most  refrangible  rays  only ;  and,  according  to 
the  theory  above  stated,  these  rays  are  wholly  absent  in 
yellow  light.  Hence  the  light  admitted  by  the  several  yellow 
metallic  solutions  enumerated  at  the  close  of  this  article  is 
separated  from  the  rays  which  produce  chemical  action.  The 
exceptions  there  stated  probably  arise  from  the  violet  rays 
not  being  wholly  excluded;  in  which  case,  the  yellow,  if 
received  upon  a  white  ground,  will  be  pale,  in  consequence  of 
bein^  diluted  with  white  light.  On  the  other  hand,  the  light 
admitted  by  a  solution  of  sulphate  of  copper  and  ammonia  is 
wholly  of  the  most  refrangible  kind,  and  though  it  possesses 
little  brilliance  as  light,  its  chemical  effect  is  considerable. 

It  has  not,  I  believe,  been  decided  whether  any  chemical 
ray  exist  of  a  higher  refrangibility  than  violet  light ;  but  it  is 
probable  if  there  be  such  a  ray,  that  a  medium  opa<][ue  to  the 
latter  will  also  refuse  transmission  to  the  former.  With  regard 
to  heat,  I  think  there  can  be  little  doubt  that  there  are  rays 
which  produce  it,  of  a  lower  degree  of  refrangibility  than  those 
which  are  visible  to  us ;  and  though  it  does  not  follow  as  a 
necessary  consequence,  it  is  probable,  that  a  medium  which 
refuses  transmission  to  the  least  refrangible  coloured  rays,  will 
also  refuse  it  to  radiant  heat.  But  there  may  be,  and  it  appears 
from  the  experiments  of  Dr.  Draper  there  are,  media  trans- 
parent to  light  of  all  degrees  of  refrangibility,  and  yet  nearly 
opaque  to  radiant  heat;  and  others,  which,  though  they  trans- 
mit light  of  the  lower  degrees  of  refrangibility,  are  also  opaque 
to  heat. 

There  is  some  confusion  in  the  account  given  of  these 
experiments,  from  a  want  of  the  necessary  distinction  between 

*  This  glass  may  be  met  with  in  most  glaziers'  shops.  The  piece 
with  which  I  have  made  many  of  my  experiments  is  coloured  on 
one  side  only,  the  colouring  matter  having  penetrated  only  a  thin 
film  of  the  glass ;  and  yet  it  appears  to  be  quite  opacjue  to  violet 
light,  with  3ie  exception,  in  a  trifling  degree,  of  the  direct  light  of 
the  sun.  I  hope  some  of  the  readers  of  the  Annals  will  repeat 
these  simple  experiments;  and,  if  they  are  advocates  for  the  pnmi- 
tive  character  of  blue  light,  that  they  will  endeavour  to  give  us 
an  explanation  of  them  upon  this  principle.  Upon  the  principle 
of  its  oeing  a  compound  or  violet  ana  green  there  is  no  difficulty. 
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the  different  sides  of  the  spectrum  y  undoubtedly  **  there  arc 
solutions,  which  are  transparent  as  respects  the  sun's  light," 
(viz.  the  most  refrangible  part  of  it)  "  yet  opaque  to  his  calorific 
ray,  and  others  which  are  transparent  both  to  his  light  and 
heat,"  (the  least  refrangible  rays)  "  but  opaque  to  the  chemical 
ray." 

It  would  be  unfair  to  draw  a  positive  conclusion  £l:om  a  bare 
outline  of  experiments  like  the  present ;  but  thiese  experiments, 
as  they  are  given  in  the  paper  referred  to,  do  not  appear  to  me 
to  decide  the  question  of  the  separate  existence  of  chemical 
rays  in  solar  light,  there  b^g  no^  evidence  of  chemical  action 
in  the  absence  of  the  violet  ray,  or  <rf  the  want  <rf  it  when  it  is 
present.  With  regard  to  the  separate  existence  of  calorific 
rays,  I  believe,  previously  to  the  a{^)earftnce  of  these  experi- 
ments, there  was  very  littk  doubt  on  the  subject. 

LXIX.     On  Electrical  Theories ^  and  Voltaic  Experimmts. 
By  J.  Harper,  Esq.     In  a  letter  to  the  Editor* 

Oxford,  March  29,  1838. 

My  dear  Sir, 

I  have  read  with  much  pleasure  the  proceedings  of  the  Elec- 
trical Society,  and  much  wish  I  could  be  a  resident  member, 
that  I  might  have  an  opportunity  to  attend  the  meetings. 

I  have  with  you  considered  the  Franklinian  theory  the  most 
simple  and  best  adapted  to  explain  the  usual  experiments  ;but 
I  am  at  the  same  time  not  so  wedded  to  it  as  to  be  unwilling 
to  listen  to  or  read  whatever  can  be  said  or  written  oh  any 
other,  and  have  entertained  doubts  whether  we  are  not  stiU 
ignorant  of  the  true  one.  These  have  arisen  from  the  charging 
the  Leyden  jar;  for  if  glass  be  really  a  non-conductor,  how  can 
the  outside  coating  be  affected  by  the  inside  lining?  And  again, 
how  can  pith  bails  be  put  in  motion  by  a  chain  from  the  prime 
conductor  of  the  machine  communicating  with  the  bottom  of 
an  inverted  tumbler  glass  enclosing  the  balls  ? 

I  should  feel  greatly  obliged  if  you  could  propose  for  dis- 
cussion at  the  Society's  meeting,  why,  when  a  spotted  jar  is 
only  spotted  on  the  outside  and  lined  with  tin  foil  in  the  usual 
way  with  unspotted  jars,  the  sparks  appear  only  when  the  jar 
is  discharged ;  whereas  wl;ien  spotted  both  inside  and  out,  the 
sparks  appear  while  it  is  cl^arging  as  well  as  on  the  discharge? 

I  have  been  trying  an  experiment  with  the  voltaic  battery 
by  substituting  a  metal  cylinder  for  a  membrane ;  the  idea 

*  Read  before  the  Lon3on  Electrical  Society^  Saturday,  May 
5th^  1838. 
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occurred  to  me  that  as  metal  was  a  good  conductor^  why  might 
it  not  be  used  to  supeirsede  the  bladder,  &c.^  which  is  objec<^ 
tionable>  and  having  a  thin  brass  tube  about  12|  inches  in 
diameter,  I  fitted  a  cork  to  it  to  make  it  water  tight  at  bottom, 
and  enclosed  in  it  a  zinc  cylinder,  separated  by  pieces  of  wood, 
to  prevent  contact,  and  placed  the  whole  in  a  porcelain  jar 
lined  with  a  cylinder  of  copper,  likewise  kept  from  contact 
with  the  brass  tube.  Between  the  brass  tube  and  copper,  the 
space  was  filled  with  a  solution  of  sulphate  of  copper,  ana  within 
the  tube  with  dilute  sulphuric  acid.  A  coj^r  wire  was  sol- 
dered to  both  zinc  and  copper  cylinders,  which  wires,  when 
severally  nnmearsed  in  cups  of  mercury  in  which  also  were  the 
two  ends  of  a  helix  of  copper  wire  enclosing  a  piece  of  iron 
wire,  an  arrangement  of  course  the  same  as  when  the  usual 
batteries  are  employed ;  the  magnetic  effect  on  the  iron  wire 
was  decisive  so  as  to  show  that  it  acted,  though  feeble,  and 
the  action  on  the  su^ate  of  copper  was  decisive  by  the  metal 
being  reduced  and  forming  a  film  of  copper  on  the  copper 
cylinder,  so  that  my  expectation  was  realized. 

I  remain. 

Dear  sir. 

Yours  truly, 
J.  HARPER. 


LXX.  JSTew  Observations  on  the  measure  of  the  tempera- 
ture of  the  organic  tissues  of  men  and  animals*  bodies,  by 
means  of  thermo-electric  ejects,  by  MM.  Becquerel  and 
Brischet.* 

The  memoir  we  now  present'  to  the  academy  is  a  succinct 
exposilion  of  the  continuation  of  experiments  we  undertook 
at  Paris,  and  in  our  voyages  to  the  Alps  and  Italy,  for  deter- 
mining, in  a  more  rigorous  manner  than  has  yet  been  done, 
the  temperature  of  the  tissues  in  general,  and  of  the  interior 
organs  of  man  arid  animals,  by  the  assistance  of  thermo- 
electric effects. 

The  use  that  we  haVe  made  of  the  mixed  metallic  needles, 
less  than  a  millimetre  in  diameter,  for  determining  the  tem- 
perature of  the  interior  parts  of  organized  bodies,  require 
some  delicate  precautions  with  which  we  have  already  made 
some  persons  acquainted,  and  without  which  it  is  not  possible 
to  obtain  results,  on  the  accuracy  of  which  we  might  aepend ; 

*  From  the  Compte  Rendu  dea  Stances  de  PAcademie  des 
Sciences*    April  9th,  1838.     Translated  by  Mr.  J.  H.  Lang. 
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we  are  now  going  to  complete  what  we  have  already  said  on 
this  subject. 

When  one  of  the  extremities  of  a  metallic  bar  is  plunged  in 
a  source  of  heat,  which  is  not  capable  of  reacting  chemically 
on  its  constituent  parts,  this  bar  becomes  heated,  by  degrees, 
to  a  greater  or  less  distance  from  the  immerged  part,  accord^ 
ing  to  the  nature  of  the  metal,  the  dimensions  of  the  bar,  the 
temperature  of  the  source,  and  that  of  the  surrounding  air. 

Hence  the  different  sections  of  the  bar,  above,  and  to  a 
certain  distance  from,  the  source  of  heat,  assume  different 
temperatures  superior  to  that  of  the  surrounding  atmosphere; 
but  as  soon  as  each  of  them  attains  the  temperature  it  is  to 
preserve,  that  is  to  say  its  state  of  equilibrium;  experiment 
proves  that  for  distances  from  the  source  which  increase  in 
arithmetical  progression,  the  excesses  of  temperature  decrease 
in  geometrical  progression,  whenever  the  excess  of  the  tem- 
perature of  the  bar  over  that  of  the  surrounding  medium  does 
not  exceed  20  or  30  degrees.  On  the  other  hand,  the  propaga- 
tion of  the  heat  varying  according  to  the  dimensions  of  the  bar, 
the  loss  of  heat  being  proportional  to  the  area  of  the  exterior 
surfaces,  and  the  quantity  of  heat  which  traverses  being  also 
proportional  to  the  area  of  the  section,  it  follows,  that  the 
decrease  of  temperature  will  be  as  much  greater  as  the  cir- 
cumference is  less.  Experiment  effectually  proves  that  in  two 
bars  of  the  same  metal,  not  having  the  same  transverse 
section,  the  distances  of  the  focus  from  the  points  in  which 
the  temperature  is  the  same,  are  to  one  another  as  the  square 
roots  of  their  thicknesses,  or  as  the  square  roots  of  their  radii 
if  the  bars  be  cylinders.  It  follows  from  these  different 
observations  that  the  smaller  the  diameters  of  the  cylinders 
or  metallic  needles,  the  less  the  source  of  heat  would  become 
cooled  when  its  temperature  would  be  capable  of  varying  by 
the  presence  of  these  needles :  hence  the  necessity  of  ope- 
rating with  needles  whose  diameters  are  less  than  a  millimetre. 

It  also  follows,  from  the  preceding  observations,  that  when 
we  seek  to  determine  the  tenaperature  of  the  interior  parts  of 
a  man  who  is  about  37  degrees,  we  must  place  him  in  a  medium 
whose  temperature  is  at  least  18  or  20  degrees.  If  this  con- 
dition do  not  yet  suffice,  we  must  find  by  previous  experiments, 
the  effects  due  to  the  cooling  produced  in  the  muscles  by  the 
presence  of  the  needles.  This  is  a  point  on  which,  perhaps, 
we  have  not  been  sufficiently  determined  in  our  preceding 
memoirs. 

The  process  for  finding  the  interior  temperature  of  the 
human  body  consists,  as  is  known,  in  making  use  of  two 
needles  each  composed  of  two  others,  one  of  copper  and  the 
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other  of  steel,  soldered  at  one  of  their  ends.  One  of  them  is 
placed  in  a  medium  whose  temperature  remains  constant 
during  the  time  of  the  experiment,  whilst  the  other  is  intro- 
duced into  the  part  the  temperature  of  which  we  wish  to 
measure.  These  two  needles  are  connected  on  one  side,  by 
their  steel  end,  with  a  steel  wire  of  the  same  nature,  and  on 
the  other,  by  their  copper  end,  with  the  extremities  of  the 
wire  of  an  excellent  thermo-electric  multiplier. 

When  the  two  soldered  needles  have  the  same  temperation 
there  is  no  deviation  of  the  magnetic  ones ;  but  for  the  least 
difference  in  the  two  temperatures,  be  it  only  0*  1  of  a  degree, 
there  is  a  deviation  whose  direction  and  extent  serve  to 
estimate  correctly  this  difference,  and  consequently  the  tem- 
perature of  one  of  the  media,  when  that  of  the  other  which  is 
constant  is  known. 

The  constant  source  that  we  usually  employ  is  furnished 
either  by  the  apparatus  of  M.  Sorel,  which  has  already  been 
described,  or  by  the  mouth  of  a  person  accustomed  to  this 
kind  of  experimenting.  Sprel's  apparatus  preserves  for  some 
hours,  a  temperature,  only  varying  a  few  tenths  of  a  degree  ; 
but  the  n^ss  of  water  which  gives  it  is  so  considerable,  that 
the  solder  immersed  therein  is  immediately  put  in  equilibrium 
of  temperature  with  it,  notwithstanding  the  losses  experienced 
by  the  parts  of  the  needle  placed  on  the  outside,  which  are 
quickly  repaired.  In  this  case,  the  temperature  shown  by  the 
solder  is  that  of  the  medium  in  which  it  is  found.  It  is  not 
the  same  with  the  temperature  shown  by  the  second  solder, 
which  is  found  in  a  muscle  a  small  distance  from  the  skin, 
which  muscle,  by  reason  of  the  tissues  of  which  it  is  composed, 
from  their  small  extent  and  bad  conductibility,  ought  not  to 
be  considered  as  an  equal  source  of  heat  to  the  other;  we 
also  find  when  operating  in  a  medium,  whose  temperature  is 
below  18  or  20  degrees,  a  difference  in  favour  of  the  apparatus, 
even  when  the  temperature  of  the  latter  is  the  same  as  that 
of  the  muscle. 

By  using  the  mouth  as  the  source  of  constant  heat,  we  have 
not  to  fear  so  much  the  differences  that  we  have  just  shown, 
because  the  two  sources  have  an  analogy  among  themselves, 
with  regard  to  their  constitution. 

We  have  entered  into  some  details  on  the  precautions  to  be 
taken,  when  we  endeavour  to  measure  the  interior  temperature 
of  organized  bodies,  in  order  to  enable  those  persons  wishing 
to  make  use  of  our  procedures  to  avoid  the  indicated  causes 
of  error. 

We  shall  now  mention  the  experiments  we  have  made  for 
showing  how  far  the  mouth  may  replace  the  apparatus  for 
constant  temperature. 
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Each  of  the  solders  was  placed  in  the  mouth  of  a  young 
man  22  years  of  age^  between  the  palate  and  the  tongue, 
which  exercised  9,  slight  pressure  on  the  metallic  wire,  so  as 
to  avoid  the  variations  resulting  from  the  passage  of  the  air 
breathed.  The  magnetic  needle  deviated  1|  degrees  in  favour 
of  one  of  the  two  mouths.  The  solders  having  changed  mouths, 
the  deviation  was  2  degrees  in  another  direction,  instead  of 
1 J  degree.  The  difference  of  half  a  degree,  corresponding  to 
i*irof  a  degree  of  temperature,  proceeded  very  probably  from 
the  solders  not  having  been  placed  alike  in  the  twoexperiments; 
the  effects  did  not  vary  for  a  quarter  of  an  hour. 

Hence  we  see  that  with  certain  precautions  we  can  make 
use  of  the  mouth  ab  a  source  of  constant  temperature,  when 
we  are  accustomed  by  previous  attempts  to  keep  the  solder 
always  in  the  same  position,  and  to  breathe  through  the  nose, 
so  as  not  to  introduce  cold  air  into  the  mouth. 

One  of  the  solders  having  been  placed  in  Sorel's  apparatus 
marking  36  degrees,  the  other  in  the  mouth  of  a  young .  man, 
the  deviation  of  the  magnetic  needle  was  two  degrees  in  favour 
of  the  mouth,  which  indicated  a  temperature  of  36*  40' 
instead  of  36*  50',  shown  by  the  thermometer ;  a  very  slight 
difference  owing  to  unseen  causes. 

The  one  solder  was  left  in  the  mouth  as  it  was,  and  the 
other  was  placed  in  the  biceps  muscle  of  the  second  young 
man,  the  temperature  of  the  air  being  14  degrees,  consequently^ 
below  what  is  necessary  for  the  success  of  the  experiments, 
we  had  a  deviation  of  4  degrees  in  favour  of  the  mouth;  hence, 
the  temperature  of  the  biceps  given  by  the  needle  was  only 
36*  20'  instead  of  36*  60',  which  is  the  mean  temperature  we 
have  found  in  our  preceding  memoirs. 

.  The  solder  which  was  in  the  mouth,  was  taken  out  to  be 
placed  in  Sorel's  apparatus,  which  showed  38*  50'  by  the 
centigrade  thermometer;  the  deviation  of  the  magnetic  needle 
was  10*  in  favour  of  the  apparatus ;  hence,  the  mouth  possessed 
a  temperature  of  36*  50 ,  as  we  have  previously  found  it. 
Thus  the  mouth  may  be  used  with  advantage  as  a  source  of 
constant  temperature. 

We  have  naturally  been  led  to  make  some  experiments  on 
the  influence  of  the  variations  of  the  surrounding  ten^erature 
on  that  of  the  human  muscles.  This  question  which  fias 
occupied  philosophers  and  physiologists  for  some  years  past 
is  not  yet  completely  resolved,  wherefore  the  tesults  that  we 
have  obtained  will  not  be  without  interest  for  the  science. 

It  is  certain  that  man,  as  well  as  warm  blooded  animals, 
can  live  in  an  atmosphere  which  differs  nearly  80  degrees  in 
temperature  from  their  own,  since  the  inhabitants  of  the  pdar 
regions,  covered  it  is  true  with  clothes,  are  one  part  of  the 
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year  exposed  to  a  temperature  at  which  mercury  freezes. 
Hence,  man  as  well  as  warm  blooded  animals  possess  in 
themselves  the  faculty  of  increasing  in  a  given  time  the  heat 
that  they  develpp.  As  to  the  faculty  which  they  have  of 
resisting  high  temperatures,  without  any  sensible  disorder  in 
the  animal  economy  resulting,  we  shall  refer  to  the  experiments 
of  Banks,  Blagden,  and  Fordyce,  who  have  remained  exposed 
for  some  moments  to  a  temperature  of  125  degrees,  without 
finding  any  sensible  change  in  their  own,  estimated  probably 
from  that  of  the  mouth. 

On  the  other  hand,  Berger  and  De  la  Roche,  having  been 
exposed  to  a  temperature  of  49  degrees  found  theirs  increased 
4  degrees ;  and  De  la  Roche,  having  remained  alone  in  a  hot- 
house at  90  degrees,  for  sixteen  minutes,  has  proved  that  his 
was  only  increased  5  degrees. 

Captain  Parry  relates,  that  in  the  polar  regions,  where  the 
temperature  is  lower  than  that  at  which  mercury  freezes,  that 
of  man  is  not  sensibly  modified.  This  last  observation  is 
contradicted  by  Mr.  John  Davy  and  some  others,  who  have 
found  that  the  temperature  of  man  increases  from  the  poles 
to  the  equator. 

Without  wishing  to  enter  into  an  examination  of  the  con- 
tradictory results  we  have  just  mentioned,  we  shall  confine 
ourselves  to  mentioning  the  experiments  we  have  made  on 
the  same  subject. 

We  introduced  to  the  biceps  muscle  of  the  right  arm  of  two 
young  men,  each  of  the  solders  of  two  perfectly  similar 
needles,  the  temperature  of  the  surrounding  air  was  16  degrees, 
the  magnetic  needle  showed  no  ^preciable  deviation ;  hence, 
the  two  muscles  had  exactly  the  same  temperature.  One  of 
the  arms  under  experiment  was  immersed  as  far  as  the  elbow, 
incessantly  for  a  quarter  of  an  hour  into  water,  at  10,  8,  6 
degrees,  then  at  0 ;  the  experiment  lasted  about  an  hour ;  the 
deviation  of  the  magnetic  needle  was  only  two  degrees  in  favour 
of  unimmersed  muscle,  which  indicates  a  diminution  of  tem- 
perature in  the  other  of  about  tjit^  fifth  of  a  degree. 

The  same  arm  having  been  afterwards  plunged  in  water  at 
42  degrees  for  fifteen  minutes,  the  temperature  of  the  immersed 
muscle  was  only  increased  the  fifth  part  of  a  degree. 

These  experiments  having  been  repeated  at  dilFerent  times, 
we  have  always  found  but  very  feeble  differences  in  the  tem- 
perature of  the  muscles. 

These  results  have  been  confirmed  by  the  experiments,  we 
have  made  at  the  mineral  water  baths  at  Lovech,  in  Valais, 
two  years  ago,  and  recently  at  Paris,  with  the  assistance  of 
M.  Seguin,  external  pupil  of  the  Hotel  Dieu,  at  Paris,  who 


Digitized  by 


Google 


472  MM.  Becquerel  and  Brischet^  on  the 

much  wished  to  assist  in  our  researches  with  a  zeal  worthy  of 
praise.  We  were  not  contented  with  putting  the  arms  in  the 
water  at  an  elevated  temperature,  but  immersed  the  whole 
body  therein.     The  waters  of  Lovech  were  49*  centigrades. 

I'he  temperature  of  SorePs  apparatus  indicated  35*  50': 
one  of  the  solders  was  placed  in  it,  while  the  other  was  intro- 
duced into  the  biceps  muscle  of  M.  Seguin,  the  deviation  of 
the  magnetic  needle  was  12  degrees  in  favour  of  the  muscle, 
which  indicated  a  temperature  of  36*  70'.  M.  Seguin  having 
been  placed  in  the  batn  at  49  degrees,  remained  there  twenty 
minutes ;  the  deviation  of  the  magnetic  needle  varied  from 
12  to  13  or  14  degrees  according  as  it  was  more  or  less  distant 
from  the  water.  Hence  the  temperature  of  the  muscles 
increased  from  one  to  two  fifths  of  a  degree.  On  coming  out  of 
the  bath  the  deviation  of  the  magnetic  needle  returned  to  12 
degrees  as  it  was  before.  M.  Seguin 's  pulse  made  112  pulsa- 
tions per  minute  in  the  bath. 

We  obtained  the  same  result  on  a  vigorously  constituted 
young  Tyrolean  carpenter.  We  were  unwilling  to  repeat  the 
experiments  at  a  higher  temperature,  for  fear  of  injuring  the 
health  of  persons  volunteering  to  assist  in  our  researches. 
But  we  have  recommenced  them  at  Paris  at  a  temperature  a 
little  lower  than  49  degrees,  with  the  assistance  of  M.  Seguin 
and  M.  Castille,  also  external  pupil  of  the  Hotel  Dieu.  One 
of  the  solders  was  placed  in  M.  Costille's  mouth,  the  tempe- 
rature of  which,  measured  by  the  thermometer,  was  37*  50', 
the  other  in  the  biceps  muscle  of  M.  Seguin *s  right  arm,  the 
deviation  of  the  magnetic  needle  was  2  degrees  in  favour  of 
the  mouth,  which  indicated  a  temperature  of  37*  10'  for  the 
muscle.  M.  Seguin  was  placed  in  a  bath  at  42*  50'  and 
remained  there  twenty  minutes;  the  temperature  of  the 
muscle  was  not  changed,  as  the  deviation  of  the  magnetic 
needle  remained  the  same. 

This  experiment  repeated  on  M.  Castille  gave  the  same 
result.  We  see  by  the  facts  just  mentioned,  that  when  the 
human  body  is  in  contact  with  water,  whose  temperature  varies 
from  0  to  49  degrees  during  a  spaceof  twenty  minutes,  that  of 
the  muscles  experiencing  only  feeble  variations :  perhaps  it 
would  be  the  same  if  the  contact  were  prolonged  for  some 
time,  as  the  experiments  of  Mr.  John  Davy  and  other  philo- 
sophers lead  us  to  believe  ;  but  it  is  impossible  to  verify  this 
assertion,  since  very  serious  disorders  in  the  general  economy 
would  result  from  it :  a  bath  of  49  degrees  already  strongly 
reddening  the  skin  and  terminating  the  blood  to  the  head. 

We  may  also  conclude  some  observed  facts,  that  the  results 
obtained  by  M.  De  la  Roche,  who  was  placed  in  a  hothouse 
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at  a  temperature  of  49  degrees,  are  due  in  a  great  measure  to 
the  phenomena  of  respiration,  which  modify  the  temperature 
of  the  mouth. 

We  shall  also  relate  one  experiment  made  at  Lovech,  and 
which  has  not  been  repeated  on  account  of  the  difficulties  it 

Presents.  This  time  it  was  a  dog  on  which  we  experimented; 
is  muscles  indicated  a  temperature  of  38'  50' ;  plunged  in  a 
bath  at  49  degrees,  the  needle  not  touching  the  water,  the 
temperature  of  the  extensor  muscle  increased  successively 
from  half  a  degree  to  1,  IJ,  and  2  degrees,  and  that  in  the 
space  of  five  minutes.  The  dog  became  so  furious  that  we 
were  obliged  to  withdraw  it  from  the  water ;  after  a  short 
time  the  temperature  of  its  muscle  returned  to  what  it  was  at 
first. 

The  solder  was  introduced  into  his  chest,  and  we  obtained 
equally  an  increase  of  temperature  of  several  degrees  some 
moments  after  the  immersion  in  the  bath :  this  increase  took 
place  chiefly  when  the  animal  was  violently  agitated.  We  are 
ignorant  of  what  influence  the  exasperated  state  of  the  animal 
had  on  the  effects  that  we  have  observed.  We  shall  also 
mention  a  curious  result,  which  has  no  relation  to  the  pre- 
ceding ones,  but  which  will  interest  physiologists. 

One  of  the  solders  was  placed  in  the  biceps  of  a  young  man, 
the  other  in  the  great  supinator  muscle  of  the  left  arm  of  a  man 
45  years  old.  The  magnetic  needle  underwent  no  sensible 
deviation.  The  vein  was  opened,  but  we  observed  no  change 
of  temperature  during,  and  after  the  loss  of  the  blood.  The 
solder  was  placed  as  near  as  possible  to  the  vein.  We  may 
draw  what  conclusion  we  please  from  this  fact;  but  the  only 
one  which  appears  natural  to  us,  is  that  a  priori,  we  ought  to 
think  that  it  would  be  thus,  because  the  blood,  whose  escape 
was  permitted  by  the  opening  of  the  vein,  returned  to  the 
heart,  and  having  already  circulated  through  the  capillary 
vessels,  has  become  foreign  to  the  composition  of  the  tissues 
in  returning  to  the  central  organ  of  the  circulation  by  the 
branches  and  veinous  trunks.  Hence  it  could  only  produce 
a  decrease  of  temperature  in  the  animal  body  by  its  abundant 
flowing  out,  and  producing  a  weakness  of  the  subject.  We 
therefore  thought  it  right  to  make  the  experiment  in  another 
way;  on  which  account  we  took  a  middling  sized  dog,  which 
had  eaten  a  few  hours  before  the  experiment,  and  placed  one 
of  the  solders  in  the  muscles  of  the  fore  part  of  the  thigh, 
while  the  solder  of  another  needle  was  in  the  mouth  of  an 
experimenter,  a  bandage  having  first  been  thrown  round  the 
femeral  artery,  immediately  below  the  outlet  of  the  abdoipen. 
The  suspension  of  the  blood's  course  in  this  vessel,  caused  no 
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change  in  the  temperature  of  the  liinb^  and  by  several  repeti- 
tions we  exercised  or  suspended  the  compression  on  the  arterial 
trunk,  without  being  able  to  observe  the  least  motion  in  the 
needle  of  the  multiplier. 

Would  it  be  necessary,  in  conclusion,  that  the  modifications 
in  the  temperature  of  the  tissues,  depend  much  less  on  the 
sanguinary  circulation  than  on  the  nervous  influx,  or  even 
that  the  results  of  this  last  experiment  prove  that,  in  only 
tying  the  femeral  artery,  we  have  not  stopped  the  whole  of 
the  blood  in  the  vessels  of  the  thigh,  the  fessiery  and  ischiatic 
arteries  being  able  to  make  up  for  the  femeral  one. 

In  order  to  have  a  positive  solution  of  this  physiological 
difficulty,  we  have  embraced  the  primitive  iliac  artery  with  a 
double  silk  cord;  then  placing  one  finger  on  the  vessel  at  the 
point  answering  to  the  pression  of  the  bandage,  we  could  at 
pleasure  hinder  or  permit  the  circulation  of  the  arterial  blood 
in  the  limb.  The  needle  was  then  engaged  in  the  thickness 
of  the  fleshy  parts  of  the  thigh,  and  at  the  end  of  eighteen 
minutes  we  had  perceived  the  temperature  lower  about  half 
a  degree.  Afterwards,  permitting  the  blood  to  traverse  the 
femeral  arterial  vessels,  the  temperature  was  soon  re-established 
in  its  normal  state.  This  experiment  repeated  several  times 
gave  us  the  same  result;  although  the  effect  observed  be 
very  feeble,  it  shows,  nevertheless,  that  the  arterial  blood 
exercises  a  direct  influence  over  the  temperature  of  the  tissues; 
it  is  not,  however,  to  the  blood  which  circulates  in  the  trunks 
and  arterial  branches  that  we  must  attribute  this  influence ; 
but  that  which  traverses  the  plexus  capillaries.  In  fact 
fifteen  or  twenty  minutes  usu^uly  elapse  between  the  sus- 
pension of  the  blood's  course  in  the  limb,  and  the  dimi- 
nution of  the  temperature.  However,  the  re-estabUshment 
of  the  temperature  in  its  normal  degree,  when  the  blood 
is  permitted  to  traverse  the  arteries,  was  always  more  rapid 
them  the  diminution  of  temperature  when  the  principal  vascu- 
lary  trunk  was  compressed. 

We  have  here  stated  what  relates  to  the  influence  of  the 
arterial  circulation  over  the  temperature  of  the  animal  tissues; 
in  another  memoir  we  shall  mention  what  experiment  has 
taught  us  of  the  nervous  influence,  with  regard  to  this  same 
temperature  of  the  tissues. 

The  facts  that  we  have  just  related  in  this  memoir,  show 
anew  what  we  may  deduce  from  the  thermo-electric  effects, 
to  estimate  the  temperature  of  the  interior  parts  of  man  and 
animals;  taking  as  a  constant  temperature  either  that  of 
Sorel's  apparatus  or  that  of  the  mouth  of  a  person  accustomed 
to  this  sort  of  experimentalizing. 
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LXXI.       Repetition   of  Mr.   Fox^s  experiments    on  the 
StrcUification  of  Clay  by  Voltaic  Electricity. 

Arepetitionof  Mr.  Fox's  experiments  was  begun  on  Tuesday 
the  first  of  the  present  month,  as  promised  in  the  last  number 
of  the  Annals,  p.  395.  The  pot  which  contains  the  materials 
<rf  the  voltaic  arrangement  is  of  the  common  white  crocltery. 
It«  figure  is  oval,  being  6  inches  long,  4  broad,  and  2  deep. 
The  clay  on  which  the  experiment  is  making  was  well  kneaded 
with  rain  water,  and  formed  into  a  partition  across  the  shorter 
diameter  of  the  pot ;  dividing  it  into  two  compartments  of 
nearly  equal  capacity.  Whilst  forming  and  placing  the  par- 
tition, particular  care  was  observed  to  prevent  mechanicfd 
stratification  in  the  clay ;  a  circumstance  which  ought  to  be 
strictly  attended  to  in  all  experiments  of  this  kind;  because 
an  inattention  in  this  particular  might  lead  to  very  great 
error,  by  the  stratification  caused  by  kneading  the  clay,  and 
forming  it  into  the  partition,  being  mistaken  for  an  electric 
effect. 

In  every  particular  in  the  arrangement,  I  have  attended  to 
the  directions  given  by  Mr.  Fox,  at  page  54,  of  the  present 
volume.  There  are,  however,  some  other  particulars  in  the 
arrangement  which  will  be  necessary  to  mention.  Having 
failed  in  several  trials,  to  unite  the  conducting  wire  with  the 
copper  ore  by  means  of  solder,  I  was  at  some  loss  to  know 
how  I  shomd  manage  to  keep  up  the  connexion  without 
imniersing  the  copper  wire  in  the  solution :  a  circumstance 
which  I  thought  might  possibly  appear  to  be  of  some  conse- 
quence in  the  value  of  the  experiment  whatever  might  be  the 
result  of  it :  though  Mr  Fox  has  not  noticed  it  in  any  of  his 
descriptions  of  his  apparatus.  Having,  however,  a  printed 
figure  of  that  gentleman's  apparatus  sent  tome,  which  obviously 
shows  that  the  connexion  is  made  by  passing  the  copper  wire 
round  the  ore,  and  twisting  it  tight  to  maintain  its  hold,  l 
have  adopted  the  same  plan.  Indeed,  ^s  the  experiment  i^ 
intended  as  an  exact  copy  of  the  original  one,  no  variation  ia 
the  arrangement  ought  to  be  permitted.  The  copper  ^ire, 
therefore,  forms  one  of  the  metals  of  the  voltaic  combination ; 
the  copper  ore  another  on  thp  same  side ;  and  a  plate  of  zinc 
the  other ;  which  is  attached  to  the  wire  by  soft  solder.  The 
solution  of  sulphuric  acid  is  very  weak. 

Prior  to  the  final  arrangement  of  the  materials,  I  ascertained 
that  the  copper  wire  and  the  zinc  produced  a  much  stronger 
current  than  the  copper  ore  and  tlie  zinc.  The  current  of 
tbe  latter  pair  was  ascertained  whilst  a  part  of  the  ore  (perfectly 
dry)  above  the  surface  of  the  exciting  liquid,  was  touched  by 
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the  bright  end  of  the  conducting  wire.  This  last  experiment 
proves  the  ore  to  be  a  conductor  of  the  current  partly  produced 
by  its  own  action,  a  piate  of  zinc  forming  the  other  voltaic 
metal.  Moreover,  when  a  second  piece  of  oris  was  placed  on 
the  top  of  the  former,  and  the  second  piece  touched  by  the 
end  of  the  wire,  the  current  was  still  observed. 

Having  a  sufficient  quantity  of  clay  to  form  two  partitions, 
I,  on  the  1st  instant,  fitted  up  another  apparatus  for  the  pur- 
pose of  repeating  Mr.  Fox's  interesting  experiments  on  the 
transformation  of  copper  ore  in  the  manner  described  in  Vol. 
I.  p.  133,  134,  of  these  Annals.  Although  rain  water 
alone  was  the  liquid  put  into  the  zinc  cell,  that  metal,  (a  thin 

Siece)  had  entirely  disappeared  by  dissolution  on  the  20th 
ay.  The  zinc  plate  has  been  replaced  by  a  new  one ;  and 
the  experiment  ^as  not  been  interrupted  one  whole  day.  The 
copper  ore,  at  present,  is  partially  covered  with  groups  of 
particles  of  metallic  copper,  having  the  greatest  quantity  on 
that  side  facing  the  clay  and  zinc  plate.  The  band  of  copper 
wire  which  surrounds  the  ore,  is  likewise  covered  with  parti- 
cles of  precipitated  copper.  The  stratification  of  the  clay 
ought  to  be  as  decisive  in  this  apparatus  as  in  the  other. 

Another  piece  of  clay  is  similarly  situated  in  a  small  gallipot, 
between  a  copper  and  zinc  voltaic  pair.  This  apparatus  has 
been  in  action  since  the  3d.  of  February. 

W.  STURGEON. 
Westmoreland  Cottage, 
May  2Sth,  1838. 

LXXII.     Singular  Meteor,  seen  at  Cork* 
To  the  Editor  of  the  Cork  Constitution. 

Sir, 

On  Wednesday  evening  last,  at  about  a  quarter  before  ten 
o'clock,  as  I  was  coming  towards  Cork,  in  a  boat,  about  half- 
way between  the  Custom  House  and  the  end  of  the  New  Wall, 
I  observed  a  very  singular  meteor,  and  as  the  scientific  gentle- 
men who  are  engaged  on  meteorological  researches,  think  it  of 
consequence  that  accurate  public  notice  should  be  given  of 
such  phenomena,  perhaps  you  will  think  a  description  of  it 
worth  inserting  in  your  Journal. 

The  day  had  been  squally  with  frequent  showers  from  the 
west,  but  towards  evening  the  wind  had  lulled,  and  no  trace 
of  the  wildness  of  the  day  remained  except  an  occasional  flash 
of  faint  sheet  lightning,  which,  originating  in  the  west,  seemed 

♦  Communicated  for  the  Annals,  by  Miss  Mary  J.  Jenmngs. 
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at  intervals  to  overspread  the  entire  horizon.  The  meteor 
caught  my  eye,  at  the  time  and  place  I  have  already  mentioned, 
as  a  speck  of  light  near  the  zenith,  dazzling  bright,  and  larger 
than  the  largest  star,  expanding  to  a  sphere  larger  than  the 
full  moon,  and  very  much  brighter,  at  the  same  time  moving 
pretty  rapidly  downwards  through  about  20  degrees  in  a 
N.  N.  E.  direction,  when  it  assumed  an  oval  form  and  emitted 
a  vivid  blue  light,  it  then  turned  in  a  direction,  as  nearly  as  I 
could  judge,  due  north,  still  moving  downwards,  and  by  the 
time  it  had  arrived  within  a  few  degrees  of  the  horizon  (which 
at  that  part  of  the  river  is  high)  was  of  a  pear-like  form,  when 
it  burst  into  a  great  number  of  lesser  meteors  of  a  fiery  red 
colour,  which  rapidly  disappeared  beyond  the  Glaumire  Hill. 

I  had  no  means  of  ascertaining  its  actual  height ;  but  from 
the  smallness  of  its  apparent  velocity,  when  compared  with 
that  of  two  lesser  ones,  which  I  afterwards  observed  near  the 
zenith,  crossing  a  few  degrees  from  south  to  north,  and 
then  disappearing— assuming  the  actual  velocity,  to  be  the 
same,  I  conclude  that  it  must  have  been  at  a  very  considerable 
height.  This  is  however  a  very  vague  result  from  a  very 
imperfect  criterion.  It  may  be  well  to  state  the  height  of 
barometer  and  thermometer  at  Cork  about  the  time,  viz.,  10 
o'clock,  P.  M.  Barometer  29*41  ;  thermometer  50. 

I  am,  sir,  yours  sincerely, 
T.  O.  R. 

Cork,  September  2nd,  1837. 

N.  B.  A  friend  has  informed  me  that  similar  phenomena 
were  observed  at  Monkstown  (within  about  seven  or  eight 
miles  of  Cork,)  on  Thursday  evening;  but  none  comparable 
in  size  or  brilliancy  to  that  described  above. 


LXXIII.     London  Electrical  Society. 

Saturday,  May  5.  David  Boswell  Read,  M.  D.,  F.  R.  S.  E., 
&c.  &c.  &c.  was  elected  a  Member  of  the  Society. 

A  letter  from  Mr.  Harper,  of  Oxford,  was  read,  describing 
some  experiments  with  a  voltaic  battery. 

A  description  of  a  new  modification  of  the  galvanometer 
was  read  by  Mr.  Iremonger,  by  which  the  defiective  power 
of  any  electric  current,  however  copious,  may  be  so  reduced 
as  to  become  measurable,  even  by  a  delicate  magnetic  needle. 
In  this  instrument  the  currents  above  and  below  the  needle 
pass  in  the  same  direction,  consequently,  their  deviating 
effects  being  opposed,  no  action  will  take  place  on  the 
needle  so  long  as  the  currents  may  be  equidistant  from  each 
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other.  In  order  to  enable  the  instrument?  to  be  more  effective, 
the  lower  current  is  made  to  pass  along  a  single  wire,  and  the 
upper  along  a  series  of  wires.  As  the  most  powerfiil  current 
will  of  course  preponderate,  the  deflection  of  the  needle  will 
be  the  resultant  of  the  difference  betlr^eh  the' two  powers, 
and  depending  upon  the  refati-^  distattce  6t  the  xxppei  and 
lower  wire^  froWi  !he  n^dle ;  the  tippler -wires  are  by  a  simple 
but  ingenious  contrivance^  iriade  mo^^^ble,  and 'the  deviating 
power  is  thereby  comt)letely'iiftdej*  the  control'  of  the  experi- 
mentalist. Mr.  Trertionger  proposes  to  utfme  the  intouteent 
the  re-acting  galvanometer.  *     '    '    •     ' 

The  reading  of  a  paper,  ctititleld.  *On^  tke^eoimexivn 
between  the  atomic  arrange*^ent  <an^  tf&miui^ihg  pbw^riof 
bodies.     By  Mr.  Thomas  V6\^\looik,'i^a9'tbmmBncedj j^* 

Saturday,  May  19.  Hie' Rev.  Mt^*  Hoolfe,'  of  Pilfer,"  wis 
elected  a  Member  of  the  Sobiety.  '    '     *     ■  ^       . 

The  readii^g  of  Mr.  PrflocVs  pap^r  was  ^nesumed  'and 
concluded.  ■  i  .  u   -  j  .  ..t   ,  ,., 

The  object  of  the  paper  Is  to'obfcain  b^  meffns  of  the -tliBoi^y 
of  vibration,  knowledge  more  fecctlrit^  artddefinitbTcfej^oling 
the  conducting  power  in  bodies.  Foi*  if;  Mr.  PoHobfc  ^says, 
the  theory  be  thi^,  its  investigation  6u]ght''to  tead*  to  armore 
convenient  arrarigelnent  of  known^fiibfs,''t<>  the  diisoov«»y  <>f 
new  ones,  and  to  the  deduction  bf  gdnepal  la^s;  Tins  he 
believed  it  fully  capable  of  doing  by  iflteardittg  an  insi^ifc  into 
the  manner  of  atomic  arrangement  in'  bodies  ^O'dntMnately 
connected  with  their  conductJrtg  powers."  It iWH  l{4  impbssible 
to  convey  to  our  teaders,  by  a  brirf  TejKWt',  the  extiaordiDarjF 
powers  (rf  mind' and  otfiginality -of  thotight  diq>layied-  ia<^b 
mvestigation,  or  to  bring  before  therti^&ie»ttain>faf  redfeonihg 
to  support,  or  th^  known  properties  of  tbre  different  bodies 
treatea  of  in  relation  to  their  c6n ducting  power,  slnd  explained 
by  the  theory  of  the  vibration  of  matter.  We  tBXkmk^  cur- 
sorily glance  at  the  heads  of  the^  inv^stigeitjoik,'  iand<  tke 
recapitulation  of  tiie  coi!iclUsions'dedUcibIe^froa£  their' edn- 
sideration.  1st.— ^-Tlie  influ^flce  <of  ^chftttge  »6f''tempDMteire 
upon  the  titomic  ttlratigement  6f  ^ftroitiS  'at«d*ga»/  ^ Alsoy  9<fly, 
upon  th^t  of  l^d  oxide  of  itl»tifgatiesei'  3d.^Tbe  fiiamelphd- 
nomena  of  ehange  atteY)dfeint>  tip6«i  'vibratidttC'io4tbr.'^Ij|gbt 
upon  bodies  indiciates  th€^*fettture'i6f'th(ftir  lit&miaarraBgemei^. 
5th.— The  establlshmetit  6f  the- fect^ that •«■  changiJin atoHiic 
arrahgement  during  vibraticAi  te'synonyittoui  with  condnolmg 
power  iri  bodies.  FtOtti  the'*fit*st'feind''SecOnd  kivtetigatXQfis 
the  following  feet*  -vV^s  dedn^ed:*-^lftitthfe  attractive  mi  (Re- 
pulsive'forces  ambng  the  atbmsr^f  the  two  coinpoubds,  nitifous 
acid  gas,  and  red  oxide  of  Alanganese,  tary  with  the  tem^ra- 
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ture.  By  the  third  it  was  shown  that  some  atoms  do  undergo 
change  and  others  do  not.  For  convenience  sake^  the  atoms 
of  the  first  class  were  called  re-active;  those  of  the  second, 
oscillating.  It  was  showp  also  that  light  upon  bodies  fur- 
nishes a  test  to  determine  to  which  class  they  belong ;  re- 
active atoms  giving  the  optical  properties  to  opaque  and  co- 
loured bodies,  such  as  metals,  charcoal,  ni|ifous  acid  gas,  &c. 
— oscillating  atoms  giving  properties  to  transparent  bodies, 
such  as  hydrogen,  oxyg^n^, agate,  and  water.  These  two 
kinds  of  vibration  occuring  in  matter  were  illustrated  by  a 
diagram.  The  change  of  atomic  arrangement  in  nitrous  acid 
gas  and  red  oxide  of  manganese,  during  the  transition  from 
low  to  high  temperature,  with  their  corresponding  alten^tions 
of  colour,  is  affected  exactly  i^  the  same  manner  by  vibration ; 
the  influence  of  the  expanding  stage  being  identical  with  that 
of  a  low  temperature,  that  of  ,the  contracting  stage  with  a 
high  temperature.  Var<ious  bodies,  analogous  in  composition 
to  nitrous  acid  gas,  undergo  change  in  atomic  arrangement 
during  vibration  an4  ii  colour,  simil^ly  ^  with  the  applica- 
tion of  heat.  The  vana4iate  of  the  biwi^^  ^^  vanadium, 
according  to  proportions,  produces  solutions  of  different 
colourB.  Protoxide  of  lead  is  3::ed  whil^  hot,  but  has  a  rich 
lemon  yellow  colour  when  cold.  Red  o^ide  of  mercury  is 
nearly  black  while  hot,  but  red.  when  cold.  Protochloride 
of  mercury,  or  calomel,  is  yellow^  while  warm,  t)ut  r^govers 
its  whiteness  in  cooling.  But  similar  instaA<?es  might  be 
considerably  extended.  M.  MitjScJierlich,  while  establishing 
his  theory  of  Isomorphism,  has  shawf^  ^these  changes  of 
colour  to  be  connected  with  chaagq  in  atomic  arrangement. 
Mt.  Pollock  believes  that  not  a  single  instance  can  be 
adduced  of  a  body  changing  colour  by  the  action  of  heat, 
without  at  the  same  time  undergoing  a  change  in  atomic 
arrangement.  The  fourth  investigation  cajled  in  the  assistance 
of  the  undulatory  theory  of  light-  ta  distinguish  the  two  kinds 
of  atomic  acramgement.  The  action  .of  lighVupon  bodies  fur- 
nished a  clue  to  unravel  jto  a  considerably  extjent  the  mystery 
of  their  arrangements>  a^  to  classify  aU  bodies  into  two 
kindsn-those  which,  when  expo^dfeo.a,  varying  temperature, 
change  in  colour,  b^i|lg  also  at  the  s^jne  time  phan^e4  in 
atomic  aKrangem^nt :  ,and  tlios^  wji^h^  under  sipailar  circum- 
stances, do  not  change  iQntomic  ajprapgement  to  any  material 
extent.  Light,  by  ui^iergping  destruction  by  its  own  inter- 
ference duridig  its  action  upon  bodies  becomes  a  test  for 
change  in  their  atomic  arrangement.  ,Tjhat  it  is  such  a  test 
is  evident  from  the  knowledge  we  possess  of  tiie  constitution 
of  those  compounds  so  affected  during  change  of  temperature; 
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and  in  the  fifth  investigation  the  question  whether  this  law 
does  not  apply  to  simple  bodies  was  answered  in  theaflSrmative ; 
and  it  does  more ;  it  discloses  that  those  simple  bodies^  such 
as  metals  and  charcoal^  which^  as  tested  by  their  action  upon 
light,  are  the  most  re-active  in  their  arrangement,  are  also 
the  best  conductors.  But  what  puts  this  fact  beyond  all 
further  question  is  the  circumstance  that  charcoal^  which 
produces  this  interference  by  its  action  upon  light,  is  a  con- 
ductor ;  while  diamond  which  does  not,  or  if  at  all  to  a  slight 
extent,  is  a  non-conductor.  These  bodies  chemists  say  are 
identical,  the  only  difference  being  in  the  "  state  of  aggrega- 
tion." If  they  were  to  substitute  atomic  arrangement  they 
would  approach  much  more  near  to  the  true  statement  of  the 
fact.  Among  the  fifty-four  simple  bodies  forty-three  are 
distinctly  re-active,  the  forty-two  metals  and  charcoal ;  three 
only  oscillating,  hydrogen,  azote,  and  oxygen ;  and  eight 
intermediate,  boron,  phosphorus,  selenium,  sulphur,  chlorine, 
iodine,  bromine,  and  fluorine. 

The  atomic  arrangement  of  the  intermediate  class  is  too 
oscillating  to  allow  them  to  be  conductors,  and  too  re-active 
to  allow  them  to  be  decomposed. 

It  is  to  be  hoped  that  the  science  of  electricity  may  remove 
the  mystery  attending  these  bodies.  Mr.  Pollock  says,  **  the 
more  we  know  of  this  science  the  more  remains  to  be  known, 
and  the  more  sensible  are  we  of  our  ignorance."  * 

Read  also  an  extract  of  a  letter  received  by  the  Honorary 
Secretary,  from  Mr.  Eldward  Clibborn,  of  Dublin,  describing 
some  electrical  experiments,  made  with  plates  of  thin  glaiss 
and  talc.  The  author  considers  the  experiment  as  setting 
aside  the  single  fluid  theory,  and  establishes  the  doctrine  of 
the  nature  and  constitution  of  the  electric  charge  of  the  Ley- 
den  jar,  it  also  enables  us  to  explain  the  shock  caused  by  the 
dry  pile,  what  we  may  thus  imitate  mechanically. 


END  OF  THK  SKCOND  VOLUME.         ^ 
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